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ABSTRACT
The floral development of representatives from some of the informal taxonomic
groups of the Caesalpinieae was examined. The floral developmental data was then
used in a phylogenetic analysis in combination with more traditional morphological
characters, including floral, vegetative and fruit characters. The analysis o f 53 taxa and
84 characters produced 1215 equally parsimonious trees of length 386 (Cl = .317, RI =
.585, RCI = .186). Based on this analysis Caesalpinia sensu lato is not monophyletic,
since at least two of the other genera in the Caesalpinia group are nested within
Caesalpinia sensu lato. Of the infrageneric groups within Caesalpinia sensu lato, the
infrageneric groups Libidibia and Brasilettia, and Caesalpinia subgenus M ezoneuron are
monophyletic, but the infrageneric groups Caesalpinia sensu stricto, Poincianella, and
Russellodendron are not monophyletic. Although many new characters were used in the
phylogenetic analysis of the Caesalpinieae, no characters were found which specifically
unite the members of the Caesalpinieae. Based on this analysis, the Caesalpinieae is
comprised of several disparate lineages and is not a natural group. Two of the informal
taxonomic groups of the Caesalpinieae, the Caesalpinia and Peltophorum groups, are
not monophyletic based on this analysis. One member of the Peltophorum group,
Campsiandra comosa, is more closely related to the Gleditsia and Poeppigia groups
than to the rest of the Peltophorum group. The other members of the Peltophorum
group included in this analysis are nested within the Caesalpinia group. The
Caesalpinia/Peltophorum clade (excluding Campsiandra comosa) is derived within the
Leguminosae and is the sister group to the Cassiinae (Cassia, Senna, and
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Chamaecrista). Together these two clades are sister to a Detarieae/Papilionoideae
clade. The Gleditsia group, Poeppigia group and Campsiandra comosa from the
Peltophorum group are in a clade with Ceratonia siliqua (Cassieae). Information on
floral development was successfully used, along with more traditional morphological
characters, in a phylogenetic analysis of the Leguminosae.
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CHAPTER 1
nsrraoDUCTiON

1
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The Leguminosae, with approximately 700 genera and 17,000 species, is one of
the largest angiosperm families and is tremendously diverse morphologically,
chemically, and ecologically. The family is typically split into three subfamilies:
Caesalpinioideae, Mimosoideae and Papilionoideae. Two of these, Mimosoideae and
Papilionoideae, are clearly monophyletic based on evidence from many sources,
including morphological, molecular and biochemical. However, Caesalpinioideae is
not. The subfamily Caesalpinioideae is divided into four tribes: Caesalpinieae,
Cassieae Bronn, Cercideae Bronn and Detarieae DC. (an amalgam of the previously
recognized tribes Amherstieae Benth. emend. J. Leon and Detarieae DC.; Polhill,
1994). Of these the tribe Caesalpinieae is of particular interest phylogenetically
because it is an assemblage of unspecialized caesalpinioid taxa defined by “negative
features” (Polhill and Vidal, 1981), or, in other words, strictly plesiomorphic features.
It is also thought to contain taxa that are basal to the legume family as well as taxa
considered to be basal to other tribes and subfamilies within the legumes (Polhill et al.,
1981). For this reason the tribe Caesalpinieae is an important group to study in order
to gain a better understanding of higher-level relationships among the tribes and
subfamilies of the Leguminosae.
The approach of this study is to examine the range of floral development in the
tribe Caesalpinieae, with particular emphasis on the Caesalpinia and Peltophorum
groups of Polhill (1994). The data from this study has been combined with data from
previous floral developmental studies by Tucker and others, and used in a phylogenetic
analysis of the family (see Ch. 4). Data on floral development has been collected by

R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout perm ission.

Tucker for over 200 representatives from the family, including some members of the
tribe Caesalpinieae (Tucker and Douglas, 1994). Tucker and Douglas (1994) have
demonstrated that floral development is informative for phylogenetic analysis of the
Leguminosae. The present study emphasizes the two most species-rich groups in the
tribe Caesalpinieae, the Caesalpinia and Peltophorum groups, in order to determine if
floral development and mature floral morphology are also informative for phylogenetic
analysis at the generic and sub-tribal levels.
Since some members of the Caesalpinieae examined are potentially basal to the
Leguminosae, outgroups for the phylogenetic analysis must be chosen from outside the
legume family. However, little information is available on floral development in most
families close to the Leguminosae. For this reason, floral development and mature
floral morphology has been examined for three species representing two families, the
Chrysobalanaceae (Cronquist, 1968) and Sapindaceae (Thome, 1981), that have been
suggested as sister groups (outgroups) to the legumes (Ch. 3). These three species,
Chrysobalanus icaco L., Licania michauxii Prance (Chrysobalanaceae), and
Koelreuteria elegans (Seem) A.C. Smith (Sapindaceae), have been included as
outgroups in the phylogenetic analysis (Ch. 4).
The specific goals of this study are: 1) To test the monophyly of Caesalpinia
L. sensu lato. Lewis (1994) recognized eight infrageneric groups within Caesalpinia
sensu lato, including the two previously recognized subgenera, Mezoneuron (Desf.)
Vidal and Guilandina Gillis and Proctor. The floral development in representatives
from each of these infrageneric groups has been examined and is described in Chapter
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2. Included in my phylogenetic analysis (Ch. 4) are two representatives from all but
three of these infrageneric groups (the infrageneric groups of Guilandina, Biancaea, and
Erythrostemon have only one representative each). Additionally, the floral
development of two genera from the Caesalpinia group with close affinities to
infrageneric groups of Caesalpinia sensu lato has been examined. The data from these
two genera along with that of a third, previously studied genus from the Caesalpinia
group have been included in the phylogenetic analysis.
A special emphasis was placed on the Peltophorum and Caesalpinia groups of
Polhill (1994) because together they constitute approximately 64% of the species in the
tribe and represent much of the floral morphological diversity in the tribe. Caesalpinia
is by far the largest genus in the tribe with approximately 120-130 species (Lewis,
1994), representing over 30% of the species in the tribe. Lewis (1994) has recently
suggested that Caesalpinia is not monophyletic and that it should be split into several
different genera. Although he has not explicitly identified how the current genus
should be split up, he has suggested that many of the original genera of Britton and
Rose (1930) could be reinstated (Lewis, pers. comm.). For this reason an attempt was
made to examine representatives from each of the infrageneric groups within
Caesalpinia sensu lato
2)

To better define tribe Caesalpinieae. No traditional characters have been

found that specifically unite the taxa in this tribe. However, floral development might
provide new characters which could potentially help define this group. In particular,
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floral developmental studies can reveal ephemeral characters, characters only visible
during development and not apparent at maturity.
3) To recognize monophyletic lines within the tribe Caesalpinieae. The most
recent classification of the tribe, that of Polhill (1994), is used in this paper. In it the
tribe is split into nine informal taxonomic groups. The Acrocarpus, Orphanodendron,
Poeppigia, and Pterogyne groups each have only a single genus. The Gleditsia and
Sclerolobium groups have two and three genera, respectively. The three largest groups
are the Peltophorum (16 genera), Caesalpinia (12 genera) and Dimorphandra (10
genera) groups. The validity of Polhill’s informal taxonomic groups of genera within
the tribe will be tested. In particular, the monophyly of the Caesalpinia and
Peltophorum groups will be tested. To address this aim, thirteen genera representing
four of Polhill’s informal taxonomic groups (the Gleditsia, Poeppigia, Peltophorum and
Caesalpinia groups) are examined in this study.
4) To clarify relationships between Caesalpinieae and other caesalpinioid tribes.
As mentioned previously, floral developmental data on representatives from each of the
caesalpinioid tribes has been collected by Tucker and others and has been included in a
phylogenetic analysis with the data from this study (see Ch. 4).
5) To explore significance of organogenetic differences in inflorescence
formation, floral organogeny, and floral specializations. Floral development has several
advantages as a source of data for phylogenetic studies. First, floral development is
useful for detecting homology of structures. It can in some cases rule out homology, in
situations in which two structures appear similar at maturity but develop differently.
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Second, flowers grow determinately, meaning that there is a discrete beginning and end
to their development. This allows for identification of equivalent stages in
development, making it possible to compare equivalent stages between taxa. Third,
floral development provides discrete characters (necessary for cladistic analysis).
Lastly, floral development has provided many new characters that are not visible at
maturity and can only be seen during development (ephemeral characters).
Floral development was also chosen as a source of data for several reasons
specific to the Caesalpinieae. First, floral morphology in the tribe Caesalpinieae is very
diverse. For example flower symmetry ranges from radially symmetrical (in Gleditsia
L., Gymnocladus Lam., Erythrophleum Afzel. ex G. Don, etc.) to zygomorphic (in
some species of Caesalpinia). Second, mature floral features have been very important
in delimiting taxa at all levels within the family. They have been used at the subfamilial,
generic and species levels. Examples of floral characters at the subfamilial level include
overall symmetry (radial for Mimosoideae, highly zygomorphic for Papilionoideae, and
moderately zygomorphic for Caesalpinioideae) (Tucker, 1987), and petal aestivation
(descending cochleate vs. ascending cochleate, distinguishing papilionoids and
caesalpinioids, respectively). Examples of floral characters used systematically at the
generic level within the Caesalpinieae include stigma form (peltate for the genus
Peltophorum (Vogel) Benth. and hypanthium shape (tubular for Gymnocladus).
Flower size and color are examples of important characters at the species level in all
groups. Many of the characters used by Polhill and Vidal (1981) to delimit the informal
taxonomic groups within the tribe are floral, e.g. introrse anther slits delimits the
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Caesalpinia and Peltophorum groups from the rest of the tribe, and effectively unisexual
flowers distinguish the Gleditsia group. Lastly, floral characters have been used to
suggest that some members of the Caesalpinieae represent basal lineages in the family.
Polhill et al. (1981) have suggested that Gleditsia and Gymnocladus are “basal
elements” because of their actinomorphic or radially symmetrical flowers and sepals
and petals that are barely differentiated from each other.
LITERATURE CITED IN CHAPTER 1
Britton, NX. and J.N. Rose. 1930. Caesalpiniaceae. In: North American Flora. Vol. 23.
pp. 201-349. New York Botanical Garden, New York.
Cronquist, A. 1968. The Evolution and Classification of Flowering Plants. 396 pp.
Houghton Mifflin, Boston.
Lewis, G-P. 1994. Systematic studies in Neotropical Caesalpinia L. (Leguminosae:
Caesalpinioideae). PhJD. dissertation, Univeristy of St. Andrews.
Polhill, R_M. 1994. Classification of the Leguminosae; complete synopsis of legume
genera. In: F.A. Bisby, J. Buckingham, and J.B. Harbome (editors).
Phvtochemical Dictionary of the Leguminosae. Part 1. pp. 35-56. Chapman and
Hall.
Polhill, R.M. and JJE. Vidal. 1981. Caesalpinieae. In: R.M. Polhill and P.H. Raven
(editors). Advances in Legume Svstematics. Part 1. pp. 81-96. Royal Botanic
Gardens, Kew.
Polhill. R.M., P.H. Raven and C H. Stirton. 1981. Evolution and systematics of the
Leguminosae. In: RM. Polhill and P.H. Raven (editors). Advances in Legume
Svstematics. Part 1. pp. 1-26. Royal Botanic Gardens, Kew.
Thome, RJF. 1981. Phytochemistry and angiosperm phylogeny. A summary statement.
In: D.A. Young and S. Seigler (editors). Phytochemistry and Angiosperm
Phvloeenv. pp. 233-295. Praeger, New York.
Tucker, S.C. 1987. Floral initiation and development in legumes. In: C.H. Stirton
(editor). Advances in Legume Svstematics. Part 3. pp. 183-239. Royal Botanic
Gardens, Kew.
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Tucker, S.C. and A.W. Douglas. 1994. Ontogenetic evidence and phylogenetic
relationships among basal taxa of legumes. In: LK. Ferguson and S.C. Tucker
(editors). Advances in Legume Svstematics 6: Structural Botany, pp. 11-32.
Royal Botanic Gardens, Kew.
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CHAPTER 2
FLORAL DEVELOPMENT OF THE CAESALPINIEAE WITH PARTICULAR
EMPHASIS ON THE CAESALPINIA AND PELTOPHORUM GROUPS

9
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INTRODUCTION
The tribe Caesalpinieae is an assemblage of unspecialized caesalpinioid taxa
defined by “negative features” (Polhill and Vidal, 1981), or, in other words, strictly
plesiomorphic features. For this reason it is an important group to study in order to
gain a better understanding of higher level relationships among the tribes and
subfamilies of the Leguminosae. The approach of this study is to examine the range of
floral development in the Caesalpinieae, with particular emphasis on the Caesalpinia
and Peltophorum groups of Polhill (1994). The data from this study has been
combined with data from previous floral developmental studies by Tucker and others,
and used in a phylogenetic analysis of the family (see Ch. 4). Data on floral
development has been collected by Tucker for over 200 representatives from the
family, including some members of the Caesalpinieae (Tucker and Douglas, 1994).
Tucker and Douglas (1994) have already demonstrated that floral development is
informative for phylogenetic analysis of the Leguminosae. This study emphasizes the
two most species-rich groups in the tribe Caesalpinieae in order to determine if floral
development and floral morphology are also informative for phylogenetic analysis at the
generic and sub-tribal levels.
The purposes of this study are: 1) To test the monophyly of the heterogeneous
legume genus Caesalpinia, by testing the validity of Lewis’s (1994) infrageneric groups
within the genus Caesalpinia sensu lato. In addition to the two recognized subgenera
of Caesalpinia (Mezoneuron and Guilandina) Lewis recognized six other informal
infrageneric taxonomic groups within Caesalpinia. The infrageneric groups of Lewis
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(1994) are based directly on the genera of Britton and Rose (1930) and both are listed
in Table 2.1. To address this aim representatives from the two subgenera and all of
Lewis’s informal infrageneric groups have been examined. The species of Caesalpinia
examined are listed in the results under the generic names that Britton and Rose (1930)
originally gave them. Also, two genera (Hoffmannseggia and Cenostigma) from the
Caesalpinia group that seem particularly close to some of the infrageneric groups
within Caesalpinia sensu lato, based on Lewis’s (1994) analysis of the Caesalpinia
group, are included for study.
Most of the material examined in this study is from the informal Peltophorum
and Caesalpinia groups of Polhill (1994). A special emphasis was placed on these two
groups because together they constitute approximately 64% of the species in the tribe.
Caesalpinia is by far the largest genus in the tribe with approximately 120-130 species
(Lewis, 1994), representing over 30% of the species in the tribe. Lewis (1994) has
recently suggested that Caesalpinia is not monophyletic and that it might eventually be
split into several different genera. Although he has not explicitly identified how the
current genus could be split up, he has suggested that many of the original genera of
Britton and Rose (1930) could be reinstated (Lewis, pers. comm.). For this reason an
attempt was made to examine representatives from as many as possible of the
subgroups within Caesalpinia.
2)

To better define tribe Caesalpinieae. No traditional characters have been

found which specifically unite the taxa in this tribe. However, floral development
provides new characters which could potentially help define this group. In particular,
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Table 2.1. The classifications of Caesalpinia and Hoffmannseggia in the Caesalpinia
group by Lewis (1994) and Britton and Rose (1930).
Lewis (1994)
Caesalpinia
subgenus Caesalpinia
Libidibia group
Brasilettia group
(Guaymasia)
Poincianella group
(Schrammia)
Erythrostemon group
Caesalpinia s.s. group
(Poinciana p.p.)
Russellodendron group
(Nicargo)
(Tara)
(Coulteria)
subgenus Guilandina
subgenus Mezoneuron

Hoffmannseggia s.s.
(Moparia)
Pomaria group
(Cladotrichium)
(Larrea Ortega, p.p.)
(Melanostricta)

Britton and Rose (1930)

Libidibia
Brasilettia
Guaymasia
Poincianella
Schrammia
Erythrostemon
Caesalpinia
Poinciana
Russellodendron
Nicargo
Tara
Guilandina
Ticanto
Biancaea
Larrea
(Hoffinannseggia)
(Pomaria)
Moparia
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floral developmental studies can reveal ephemeral characters, characters only visible
during development and not apparent at maturity.
3)

To recognize monophyletic lines within Caesalpinieae. The most recent

classification of the tribe, that of Polhill (1994), is used in this paper. In it the tribe is
split into nine informal taxonomic groups. The Acrocarpus, Orphanodendron,
Poeppigia, and Pterogyne groups each have only a single genus. The Gleditsia and
Sclerolobium groups have two and three genera, respectively. The three largest groups
are the Peltophorum (16 genera), Caesalpinia (12 genera) and Dimorphandra (10
genera) groups. The validity of Polhill’s informal taxonomic groups of genera within
the tribe will be tested. In particular, the monophyly of the Caesalpinia and
Peltophorum groups will be tested. To address this aim, thirteen genera representing
four of Polhill’s informal taxonomic groups (the Gleditsia, Poeppigia, Peltophorum and
Caesalpinia groups) are examined in this study.
The newer classification of Polhill (1994) is being used in this paper, however,
it is based on the older classification of Polhill and Vidal (1981) who presented
justification for much of the classification used in both publications. Polhill’s (1994)
treatment did not go into detail on the basis for changes. In Polhill and Vidal’s (1981)
treatment, the Peltophorum and Caesalpinia groups were considered distinct from the
rest of the tribe by having introrse anther slits. The Peltophorum group was then
considered to include those taxa with myrmecophilous features, and the Caesalpinia
group was defined as including those taxa with prickles, thorns, and/or scattered glands
for defense, a distinctly modified lower sepal, and “the stamens more protective around
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the ovary and nectary”. However, three genera included in the Caesalpinia group by
Polhill and Vidal (1981) were moved to the Peltophorum group by Polhill (1994),
without a specifically stated reason. This shift o f Parlansonia, Lemuropisum, and
Conzattia from one group to another will be evaluated in the discussion of this chapter
and in Chapter 4. My investigations will test which affiliation seems valid, based on
new evidence.
Floral developmental material of Poeppigia procera (the sole member of the
Poeppigia group) and Gymnocladus dioica (from the Gleditsia group) were also
available for this study. In addition floral developmental data is available for those taxa
that have been published or examined previously. These include Gleditsia (Gleditsia
group, Tucker, 1991), Erythrophlevm (Dimorphandra group, Tucker, in prep.),
Haematoxylum (Caesalpinia group, Tucker, in prep.), three species of Caesalpinia
(Caesalpinia group, Tucker, et al., 1985), and three species oiParlansonia (Cercidium)
(Peltophorum group, Kantz and Tucker, in prep).
4) To clarify relationships between Caesalpinieae and other caesalpinioid tribes.
As mentioned previously, floral developmental data on representatives from each of the
caesalpinioid tribes has been collected by Tucker and others and has been included in a
phylogenetic analysis with the data from this study (see Ch. 4).
5) To explore significance of organogenetic differences in inflorescence
formation, floral organogeny, and floral specializations. Floral development has been
chosen as a source of data for several reasons. First, floral morphology in the tribe
Caesalpinieae is very diverse. For example flower symmetry ranges from radially
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symmetrical (in Gleditsia, Gymnocladus, Erythrophleum, etc.) to zygomorphic (in
some species of Caesalpinia). Second, mature floral features have been very important
in delimiting taxa at all levels within the family. They have been used at the subfamilial,
generic and species levels. Examples of floral characters at the subfamilial level include
overall symmetry (radial for Mimosoideae, highly zygomorphic for Papilionoideae, and
moderately zygomorphic for Caesalpinioideae) (Tucker, 1987), and petal aestivation
(descending cochleate vs. ascending cochleate, distinguishing papilionoids and
caesalpinioids, respectively). Examples of floral characters used systematically at the
generic level within the Caesalpinieae include stigma form (peltate for the genus
Peltophorum) and hypanthium shape (tubular for Gymnocladus). Flower size and
color are examples of important characters at the species level in all groups. Many of
the characters used by Polhill and Vidal (1981) to delimit the informal taxonomic
groups within the tribe are floral, e.g. introrse anther slits delimits the Caesalpinia and
Peltophorum groups from the rest of the tribe, and effectively unisexual flowers
distinguish the Gleditsia group. Lastly, floral characters have been used to suggest that
some members o f the Caesalpinieae represent basal lineages in the family. Polhill,
Raven and Stirton (1981) have suggested that Gleditsia and Gymnocladus are “basal
elements” because of their actinomorphic flowers and sepals and petals that are barely
differentiated from each other. Figures 2.1-2.6 illustrate some of the variability in
mature floral morphology found within the tribe.
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5

Figures 2.1-2.6. Line drawings of mature flowers of representatives from some of the
informal taxonomic groups of Polhill (1994). 2.1. Caesalpinia pulcherrima (Caesalpinia
group). 2.2. Cenostigma gardnerianum (Caesalpinia group). 2.3. Erythrophleum
suaveolens (Dimorphandra group). 2.4. Delonix regia (Peltophorum group). 2.5.
Poeppigia procera (Poeppigia group). 2.6. Gleditsia triacanthos (Gleditsia group).
Figures 2.1-2.3, 2.5-2.6 were redrawn from Polhill and Vidal (1981). Figure 2.4 was
redrawn from Noad and Bimie (1989).
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MATERIALS AND METHODS
Young inflorescences o f the species listed in Table 2.2 were collected and fixed
in FAA. The fixed material was transferred to 70% ethyl alcohol for storage and
dissected in 95% ethyl alcohol by removing bracts and other floral organs under a
stereoscopic dissecting microscope. The material was then dehydrated in an ethanolacetone series, critical point dried using C02 in an Edwards S-150 apparatus, mounted
on stubs with Spot-o-glue (Avery Co.) or Photo-mount and coated with gold-palladium
in a Hummer II sputter coater. Micrographs were taken with a Cambridge S-260
scanning electron microscope at 15 kV for later comparisons.
RESULTS
The organography and flower development of 10 genera and 29 species (listed
in Table 2.2) representing four o f Polhill’s (1994) informal sub-tribal taxonomic groups
are presented in this study. Information from these descriptions has been compiled into
a data matrix for a phylogenetic analysis (see Ch. 4).
The descriptions start with the three genera examined from the Caesalpinia
group, Caesalpinia sensu lato, Cenostigma and Hoffmannseggia. Under the section
on Caesalpinia sensu lato the species descriptions are subdivided based on Britton and
Rose’s (1930) genera and Lewis’s (1994) informal infrageneric groups. The reason the
organization of the results of this study is based on both treatments is that Lewis
(1994), in his treatment of New World taxa, did not address two of Britton and Rose’s
(1930) exclusively Old World genera, one of which (Biancaea) is represented in this
study. The organography and flower development of Caesalpinia sensu stricto, the
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Table 2.2. List of the species for which floral development is presented and their
provenances. Species are organized as presented in the results. Locations are
abbreviated: FTG, Fairchild Tropical Garden, Miami, FL; RBG, Royal Botanic
Gardens, Kew, England^ XJM, Univ. Mass. Greenhouse, Amherst, MA.

Taxon
Caesalpinia group
Caesalpinia L. sensu Iato
Caesalpinia s.s. infrageneric group
Caesalpinia pulcherrima Sw.
C. cassioides WOld.
Russellodendron infrageneric group
C. cacalaco Humb. & Bonpl.
C. vesicaria Linn.
Poincianella infrageneric group
C. exostemma Moc. & Scsse, ex DC.
C. pannosa T.S. Brandeg.
Iibidibia infrageneric group
C. coriaria Willd.
C. sclerocarpa Standley
subgenus GuUatuSna Gillis & Proctor
C. ovalifolia Urb.
Biancaea infrageneric group
C. sepiaria Roxb.
Subgenus Mezoneuron (Desf.) Vidal
C. cuaillata Roxb.
C. kauaiense Mann.
Brasilettia infrageneric group
C. velutina (Britt. & Rose) Standley
C. violacea (MiU.) Standley
Erythrostemon infrageneric group
C. gilliesii Wall, ex Hook.
Hoffmannseggia infrageneric group
C. intricata Fisher
Hoffmannseggia drepanocarpa A. Gray
Cenostigma gardnerianum Tul.
Peltophonnn group
Campsiandra comosa Benth.
Delonix regia Rafin.
Lemuropisum edule H. Perrier
Parkinsonia aculeata Linn.

CoU. No. and Provenance

Native to:

24880, J.Pruski 13, FTG
25199,0. Stein, 1982, UM
28866, A Lievens 2012, FTG

Cosmop. Trap.

25205,0. Stein, UM
25197,0. Stein, UM
26448, B. Kirchoff, FTG
29496, G. Lewis 1767, Mexico

Mexico
South America

29501, G. Lewis 1708, Honduras
31888, G. Lewis, Hughes, &
Contreras 1992, Mexico

Nicaragua
California

25169, S. Tucker, FTG
29492, G. Lewis 1745, El Salvador
29495, G. Lewis 1800, Mexico

South America

28760,0. Stein, UM

Asia, trop.

26694, S. Tucker, Hawaii

Asia, trap.

KEK30, A. Douglas, Australia
26703, S. Tucker, Hawaii

Asia, trop.
Asia, trop.

29497, G. Lewis 1796, Mexico
33144, J. Hawkins, Guatemala
28869, A. Lievens & J. RamirezDomenech, FTG

South America

24753, S. Tucker, RBG
28895, S. Tucker, UC Davis
29407, B. Simpson, Austin, Texas

South America

31890, G. Lewis 2054, Mexico
30001, P. Cox 5371, Greer Co.,
OK
26960, G. Lewis 1432

Mexico
Mexico & U.S.

28748, Daly 5441, Brazil
28875, A. Lievens 2039, FTG
28862, T. Willing, Madagascar
30580, S. Tucker, Baton Rouge, LA
30715, S. Tucker, Baton Rouge, LA

Guiana
Madagascar
Madagascar
Am. Trap.

South America

Mexico

South America

Brasil

(Table con’d.)
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Taxon
P. (Cercidium) jloridum (Bentham ex A.
Gray) S. Watson
P. (Cercidium) texana var. macra (I. Johnston)
Isely
Peltophorum adnatum Griseb.
P. pterocarpum Backer ex K_ Heyne
Gleditsia group
Gynmocladus dioica C. Koch
Poeppigia group
Poeppigia procera Prcsl.

Coll. No. and Provenance
28453, S. Tucker, NY Bot. Gard.

Native to:
Mexico

28763, A. Lievens 2473, Mexico

Texas, Mexico

25474, S. Tucker, FTG
28879, A. Lievens 2047, FTG

Bahamas

33143, A. Lievens, MO Bot Gard.
33602, A. Lievens, MO Bot. Gard.
33604, A. Lievens, MO Bot Gard.

North America

26957, G. Lewis 1338
33600, B. Klitgaard 65, Brazil

South America

R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout perm ission.

20

two subgenera (Guilandina and Mezoneuron) and seven infrageneric groups are
included in the section on Caesalpinia sensu lato. The description of one species of
Caesalpinia, C. intricata, has been combined with the description of Hoffmannseggia
drepanocarpa because Lewis (pers. comm.) placed C. intricata in the Hoffmannseggia
subgroup of Caesalpinia sensu lato. Following the descriptions or the representatives
from the Caesalpinia group, are descriptions of flower development in the five genera
examined from the Peltophorum group of Polhill (1994). Then the representative from
the Gleditsia group (Gymnocladus dioica) is described, and lastly Poeppigia procera,
the sole member of the Poeppigia group, is described.
CAESALPINIA GROUP fFies. 2.7-2.203)
The Caesalpinia group as defined by Polhill (1994) contains 12 genera and
approximately 180 species. Approximately 120 of those species are in the large genus
Caesalpinia. I have studied 17 species of Caesalpinia, representing all of Lewis’s
(1994) informal infrageneric groups. I have also studied two additional genera from
the Caesalpinia group, Hoffmannseggia and Cenostigma. Material of the other genera
in this group were unavailable for study. However, Polhill and Vidal (1981) stated that
at least some of these genera were doubtful segregates of Caesalpinia, and Lewis
(1994) in a phylogenetic analysis of the group based on traditional taxonomic
characters found them all to be nested within Caesalpinia. Therefore, the material
studied was considered to fairly represent the range of diversity in the group.
The members of the Caesalpinia group are primarily trees or woody shrubs.
Exceptions include the species of Hoffmannseggia and the species o f Caesalpinia with
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affinities to Hoffmannseggia which are low-growing herbaceous plants, generally with
a woody rootstock (Britton and Rose, 1930). Inflorescences in the Caesalpinia group
are racemose with distinct bracts subtending each flower. Bracteoles are not initiated
in all species; presence or absence of them will be mentioned in the descriptions of
individual species. Where present, bracteoles are minute and can be undetectable at
maturity. Flowers are generally arranged helically on the inflorescence, with the adaxial
side of the flower being the side adjacent to the inflorescence axis and the abaxial side
being the side next to the subtending bract.
The flowers o f this group are pentamerous and slightly to strongly
zygomorphic. The five sepals are generally unfused, and are unequal and imbricate,
with the abaxial sepal often cucullate. However, the abaxial sepal in flowers of
Cenostigma gardnerianum, Caesalpinia (Erythrostemon) gilliesii, C.
(Hoffmannseggia) intricata and species of Hoffmannseggia are not cucullate. The five
petals alternate with the sepals. They are unfused and little modified except that the
median adaxial petal is clawed and often differently colored from the other petals,
contributing to the zygomorphy of the flower. The lateral petals are also typically
clawed, though often not as strongly as the median adaxial petal. The corolla shows
ascending cochleate aestivation. There are two alternating whorls of five stamens each,
termed antesepalous (outer) and antepetalous (inner) whorls. Little or no fusion occurs
in the androecium. The anthers are dorsifixed, and dehisce along the full length of the
introrse anther slits. While the flowers of most species appear quite open to pollinators,
in fact the stamen filaments tend to be tightly appressed basally (but not fused) to each
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other, forming a protective column around the carpel (Grant, 19S0) and limiting access
to the nectary (Lewis, pers. comm.). In almost all species examined there are two
fenestrations, or gaps, between the adaxial stamen filaments, at the base of the stamen
“pseudosheath” (Grant’s term). These structures presumably allow for access to the
nectar. Most species have a hypanthium (or floral cup) formed by growth below the
sepals, petals and stamens. In some species differential growth in the receptacle is
greater in the sagittal plane than in the frontal plane, making the hypanthium appear
elliptical (or compressed laterally) in shape. The flowers have a single carpel, as is
typical for the family, attached in the center of the hypanthium. The carpel can be
sessile or shortly stipitate, and ovule number is highly variable between species (1-many
ovules). The flowers of two members of the Caesalpinia group, Caesalpinia
pulcherrima and Cenostigma gardneriartum, are shown in Figs. 2.1 and 2.2.
An additional interesting feature of the flowers o f many species in this group is
the presence o f one or two “senescence scars” or constrictions completely encircling
the pedicel. All species examined have one senescence scar at the point where the
pedicel attaches to the inflorescence axis. This senescence scar is associated with the
presence of a subtending bract. Older flowers tend to easily detach from the
inflorescence along this scar. Some species examined also have a second constriction
or senescence scar higher on the pedicel and closer to the flower. This second
senescence scar is not associated with any other structure (such as a bract or
bracteole). According to Lewis (pers. comm.) the flowers of some of the species with
a second constriction senesce at that second constriction, leaving part of the pedicel

R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout perm ission.

23

attached to the inflorescence axis. Some of the species with two senescence scars on
the pedicel are described in the literature as having a jointed pedicel (see Britton and
Rose, 1930; Isely, 1975).
Overall the floral morphology is more variable within the genus Caesalpinia
than between genera in the Caesalpinia group. Although floral differences are
important in defining some taxa, many of the genera and species are defined by more
highly variable fiuit and leaf characters, some of which have been questioned as to their
validity (Polhill and Vidal, 1981). These vegetative characters will not be discussed in
this study.
Caesalpinia sensu lato (Figs. 2.7-2.160)
Caesalpinia L. sensu lato is a large, heterogeneous genus in which flower
structure is particularly diverse. Lewis (1994) has suggested that some parts of
Caesalpinia are more similar to other genera (i.e., Hoffmannseggia) than they are to
other segments of Caesalpinia. The current genus Caesalpinia was separated into at
least 13 segregate genera by Britton and Rose (1930), all of which have been subsumed
in Caesalpinia again by various authors at various times. See Lewis (1994) for a
complete review of the taxonomic history of this genus. Two of these previous
segregates have been given subgeneric status, Caesalpinia subgenus Guilandina and
Caesalpinia subgenus Mezoneuron. Recently Lewis (1994) has treated many of
Britton and Rose’s 1930 segregates as informal taxonomic infrageneric groups within
Caesalpinia. There is no estimate available of the number of species currently included
in each infrageneric group, but the number of species Britton and Rose (1930)
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described for each of their genera will be mentioned under the descriptions o f each
infrageneric group. However, their treatment only included species native to the
Neotropics and is missing many of the Old World species; therefore the number of
species they described does not necessarily represent the number of species in each
infrageneric group, hi addition, new species of Caesalpinia are still being discovered
and named and many of these have not been placed in a particular infrageneric group.
Since the goal of this study was to compare floral development among diverse
representatives, floral development of representatives from Caesalpinia sensu stricto,
the two subgenera and seven of the informal infrageneric groups (based on Britton and
Rose, 1930, and Lewis, 1994) have been examined. The data are arranged by
systematic group, under which floral development o f one or more typical examples is
described. The first three infrageneric groups described are Caesalpinia sensu stricto,
Russellodendron and Poincianella. The mature floral morphology of the
Russellodendron and Poincianella infrageneric groups appeared to be more typical
within Caesalpinia sensu lato than the representatives of Caesalpinia sensu stricto
examined. According to Lewis (pers. comm.) even the floral morphology of the type
species for Caesalpinia, C. brasiliensis (not available for this study), is not typical for
the rest of the species included in Caesalpinia sensu lato (Lewis, pers. comm.). The
floral morphology and development of the Russellodendron infrageneric group is
typical and least specialized of the taxa examined so it will be described first.
Caesalpinia sensu stricto is the second group examined. Then the representatives from
the Poincianella infrageneric group are described, since the floral morphology of this

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.

25

-roup is also typical but with a few more specializations than seen in Russellodendron.
The rest of the descriptions follow the organization in Table 2.2, with the descriptions
of C. gilliesii (Erythrostemon) and C. intricata (Hoffmannseggia) placed at the end of
the section on Caesalpinia sensu lato because the floral morphology and development
of both are most similar to that of Hoffmannseggia drepanocarpa. For consistency in
the headings the two subgenera of Caesalpinia are labelled as infrageneric groups in
the descriptions.
Much of the variability in mature floral form is found in such features as
whether the sepal margins are entire, fimbriate (slightly fringed) or with comb-like
projections; whether the inner surface of the adaxial petal is glabrous, has a pad of
hairs, or has a lip of tissue; presence or absence of glandular hairs on specific floral
organs; size and shape of the hypanthium; size and color o f the petals; length of stamen
filaments. Specific features of the mature flowers that are potentially informative for a
phylogenetic analysis will be mentioned in the descriptions of individual species and
have been included in a data matrix in Chapter 4.
Caesalpinia infrageneric group Russellodendron (Figs. 2.7-2.28)
Oreanographv — Caesalpinia cacalaco and C. vesicaria are the two
representatives from the Russellodendron group included in this study; the former will
be described in detail. They represent two of the three species included in Lewis’s
(1994) infrageneric group Russellodendron (a combination of Russellodendron Britton
& Rose, Nicargo Britton & Rose, and Tara Molina from Britton and Rose’s
treatment). The features used by Britton and Rose to distinguish their genus
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Russellodendron were indehiscent fruit, imbricate sepals and a fimbriate abaxial sepal
The early floral development o f C. vesicaria has previously been described (Tucker, et
al., 1985). Therefore only mid- and late developmental features will be covered for this
species. In addition to the cucullate sepal typical of the Caesalpinia group these two
species also share certain mature floral characters. They both have two senescence
scars on the pedicel, a shallow, laterally compressed hypanthium, five clawed petals,
and a pad of hairs in the claw of the median adaxial petal.
Inflorescence development — C. cacalaco has an indeterminate racemose
inflorescence (Fig. 2.7). The inflorescence apex initiates bracts acropetally in a helical
order. Each bract subtends a solitary flower bud. Short straight hairs are present on
the outer and inner surface of subtending bracts as well as on the base of young flower
buds. Bracteoles are initiated but remain as small "shoulders" at the base of the flower
primordium (Fig. 2.8).
Flower development — The first sepal primordium is initiated in a median
position on the abaxial side of the flower primordium (Fig. 2.8). Subsequent sepal
initiation is unidirectional from the abaxial to the adaxial side of the flower with all four
lateral sepals apparently initiated simultaneously (Fig. 2.9). The abaxial sepal arches
over the floral apex and almost covers the other sepal primordia before any petals or
stamens are initiated (Fig. 2.10). It remains the largest sepal, becoming cucullate
during mid-development (Fig. 2.19). The lateral sepals remain equal in size. The
margins of the sepals become fimbriate during mid-development (Fig. 2.25).
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Figures 2.7-2.18. Organogenesis and flower development through mid-stage in
Caesalpinia cacalaco. Abaxial side at base in all except in Fig. 2.18. Subtending bracts
removed in all and sepals removed in most. Bars = SO pm. 2.7. Inflorescence tip with
bracts removed to show developing floral buds in axils. 2.8. Polar view of flower
primordium after the first sepal primordium has been initiated in a median position.
Bracteoles are visible on either side of the flower primordium. 2.9. Floral apex showing
initiation of the four lateral sepal primordia (at arrows), polar view. The median
abaxial sepal primordium has been removed. 2.10. Oblique view o f young flower with
all five sepal primordia present, showing abaxial sepal nearly covering floral apex.
2.11. Polar view of flower with first two petal primordia (at arrowheads) present on
abaxial side. Four of the five sepal primordia have been removed. 2.12. Flower with all
petal primordia (at arrows) initiated. All sepals have been removed. The carpel is
starting initiation. 2.13. Flower with the first outer stamen primordium initiated (at
arrow) on abaxial side. Four sepals have been removed. Carpel mound is convex. 2.14.
Flower with three outer stamen primordia (labelled) present and carpel mound clearly
visible. 2.15. Flower with all outer stamen primordia (labelled) present and first two
inner stamen primordia (at arrows) initiated opposite the two abaxial petals. 2.16.
Flower with all organs present but one, showing unidirectional pattern of inner stamen
primordium initiation. The two abaxial and two lateral inner stamen primordia are
present (latter at arrowheads), but the adaxial inner stamen is not yet visible. 2.17.
Young flower with all organs present and carpel cleft forming on adaxial side of carpel.
Carpel height is approximately 156 pm. 2.18. Adaxial side view o f mid-stage carpel
(height approximately 385 pm) with appressed carpel margins. All sepals and some
petals and stamens removed to expose carpel cleft. B, bracteole; S, sepal; P, petal; A,
outer stamen; a, inner stamen; C, carpel.
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Petal initiation is unidirectional with the two abaxial petal primordia initiated
first (Fig. 2.11), followed by the two lateral petal primordia (Fig. 2.12) and the adaxial
petal primordium (Fig. 2.13). As the petals grow, each becomes thin and flat by
marginal growth (Figs. 2.20 and 2.24). Near maturity the petals become clawed. On
the adaxial petal a pad of hairs forms at the junction of the claw (broken-off) and the
petal blade (Fig. 2.24).
Initiation of the outer antesepalous stamen whorl also occurs abaxially;
subsequent stamens of the whorl are initiated unidirectionally. The first stamen
primordium arises opposite the first sepal (Fig. 2.13), then two stamen primordia arise
opposite the lateral sepals (Fig. 2.14). The last two outer stamen primordia then arise
on the adaxial side (Fig. 2. IS). Enlargement o f the abaxial stamen is precocious; it is
larger than the two abaxial petal primodia even before the two adaxial outer stamen
primordia are initiated (Fig. 2.14). At the stage where all five outer stamen primordia
are visible the first inner (antepetalous) stamen primordia are also visible opposite the
abaxial petals (Fig. 2.15). Subsequent inner stamen initiation is unidirectional with the
two lateral inner stamen primordia visible next (Fig. 2.16) and the adaxial inner stamen
primordium initiated last (Fig. 2.17).
The carpel primordium appears as a convex mound at the center of the flower
during initiation of the petal whorl (Fig. 2.12). The adaxial side of the carpel
primordium becomes flattened distally (Fig. 2.16). Then the carpel margins begin
growing out to form the cleft on the adaxial side of the carpel (Fig. 2.17) when the
carpel is approximately 156 |im tall. The carpel margins continue to grow until they
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Figures 2.19-2.30. Mid- and late stage flower development in species of Caesalpinia.
Bars = 100 pm in Figs. 2.19-2.23,2.25-2.29; 500 pm in Fig. 2.24; 1mm in Fig. 2.30.
2.19-2.25. C. cacalaco. 2.19. Lateral view of mid-stage bud showing cucullate abaxial
sepal covering all other organs. 2.20. Lateral view of mid-stage flower with all sepals
and petals removed and some stamens removed to expose carpel (height approximately
695 pm), which has appressed margins. 2.21. Side view o f mid-stage stigma, showing
terminal flattening of developing stimatic region. 2.22. Developing stigma showing
marginal ring of growth. 2.23. Later stage of stigma development with papillae forming
around margin of stigma cavity. Carpel suture is at arrow. 2.24. Inner surface of adaxial
petal from large bud, with pad of hairs between the claw (not yet elongated) and the
blade. 2.25. Margin of late stage sepal showing fimbriations and hairs. 2.26-2.28. C.
vesicaria. 2.26. Close-up o f mid-stage stigma, showing marginal ring of growth.
Stamen anthers are visible. 2.27. Close-up of later stigma with papillae forming at
margin of stigma cavity. 2.28. Mature stigma with papillae folded over the stigma
cavity. 2.29-2.30. C. pulcherrima. 2.29. Oblique view of mid-stage flower with all
sepals and petals removed and some stamens removed, to expose carpel of height
approximately 550 pm. Developing ovules are visible inside open carpel cleft. 2.30.
Lateral view of late stage bud with sepals and petals removed, to expose coiling of
stamen filaments.
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Figures 2.19-2.30.
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become appressed (Fig. 2.18, carpel height of 385 pm and Fig. 2.14, carpel height of
695 pm) and the carpel is conduplicate. Soon after this the first hair primordia become
visible on the carpel wall (Fig. 2.20), which become more abundant (Fig. 2.21) with
increasing size.
As the carpel continues to grow in size the distal end becomes flattened and
slightly constricted (Fig. 2.21), the first evidence of the style and stigmatic region. The
margin of the flattened region then begins to grow differentially to form the stigma
cavity (Fig. 2.22). As the margin of tissue continues to grow it becomes papillate as
seen in the mid-stage stigma in Fig. 2.23. At the same time the stylar region is
elongating as evidenced by a hairless, constricted region below the developing stigma
(Fig. 2.23). The suture visible in Fig. 2.23 (at arrow), is the line of appression between
carpel margins. Open flowers were not available for C. cacalaco, so a mature
gynoecium and stigma were not observed.
C. vesicaria differs from C. cacalaco in that there are no bracteoles initiated in
C. vesicaria, while C. cacalaco has bracteoles. C. vesicaria also differs from C.
cacalaco in that it has entire (non-fimbriate) sepal margins. In all other respects C.
vesicaria is quite similar to C. cacalaco, including the order of organ initiation. The
pattern of stigma development is also quite similar to that of C. cacalaco. Since open
flowers of C. vesicaria were available, complete stigma development is shown. Stigma
development in C. vesicaria also starts with a flattening of the distal end of the
developing carpel. Then there is a marginal ring of growth (Fig. 2.26) which becomes
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papillate (Fig. 2.27) as it continues to expand. At maturity this margin of tissue has
expanded to form a cavity with a small opening obscured by papillae (Fig. 2.28).
Caesalpinia infrageneric group Caesalpinia sensu stricto (Figs. 2.29-2.35)
Organography — Britton and Rose (1930) described 12 species in the genus
Caesalpinia L. and one (C. pulcherrima) in Poinciana L. making 13 species in Lewis’s
combined Caesalpinia sensu stricto infrageneric group. C. pulcherrima and C.
cassioides were chosen to represent Caesalpinia sensu stricto Some of the features
used by Britton and Rose (1930) to define Caesalpinia were flat, dehiscent fruit,
flattened seeds, and a cucullate abaxial sepal. Both species have two senescence scars
on the pedical, unequal imbricate sepals, a cucullate abaxial sepal, all petals clawed, and
two fenestrations at the base of the adaxial stamen filaments. But as mentioned
previously, the mature floral form of both species is not typical of the Caesalpinia
group as a whole. The flowers of C. cassioides are atypical in having a tubularcampanulate corolla that is laterally compressed (instead of an open corolla). The
petals of this species are all red-orange, but with a small yellow spot on the adaxial
petal blade. A mature flower of C. pulcherrima is shown in Fig. 2.1. The flowers of
C. pulcherrima are distinct in that the adaxial petal is smaller relative to the lateral
petals than is typical, and has a tubular claw. Additionally the 10 stamens are long
exserted. The order of organ initiation for both C. pulcherrima and C. cassioides was
described (Tucker, et al., 1985) as unidirectional. The first sepal is median in both.
Their inflorescences are racemose and there is no evidence in either species that
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bracteoles are initiated. Only important mid- and late developmental and mature floral
characters will be illustrated for these two species.
Flower development — In mid-development both C. pulcherrima and C.
cassoides differ from the two representatives of the Russellodendron subgenus in that
the carpel margins remain open and unfused until after the ovules have started to
develop. This is shown for C. pulcherrim a (Fig. 2.29) at a carpel height of
approximately 550 pm. C. pulcherrima is unique among the representatives of the
Caesalpinia group examined, in that the stamen filaments are coiled up within the bud
during mid-development (Fig. 2.30) so that they are already mostly expanded by the
time the flower reaches anthesis. At maturity the stamen filaments extend quite far
beyond the petals. In mature flowers of C. pulcherrima, the adaxial petal claw is
inrolled to form a tube (Fig. 2.31). The hypanthium of C. cassioides is shallow and
laterally compressed (Fig. 2.35). Similarities between the two species include the
glabrous inner surface of the standard petal and the pattern of stigma development,
shown for C. cassioides. The developing stigmatic surface first becomes terminally
flattened (Fig. 2.32). Then differential growth at the margin of the surface starts and
papillae form on the margin (Fig. 2.33). This marginal growth eventually leads to a
crateriform stigma with a marginal ring of papillae (Fig. 2.34).
Caesalpinia infrageneric group Poincianella (Figs. 2.36-2.44)
Organography —The taxonomy and morphology, including floral morphology,
of the Neotropical members of this group have been studied extensively by Lewis
(1994). Britton and Rose (1930) included 34 species in this group. Lewis (1994) has

R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout perm ission.

35

Figures 2.31-2.37. Mid- and late-stage features of flowers of Caesalpinia species. Bars
= 1 nun in Figs. 2.31, 2.35-2.36; 100 pm in Figs. 2.32-2.34; and 500 pm in Fig. 2.37.
2.31. Late-stage adaxial petal of C. pulcherrima showing tubular claw. 2.32-2.35. C.
cassioides. 2.32. Mid-stage of developing stigma showing terminal flattening and early
signs of papillae development. 2.33. Later stage of stigma development with a marginal
ring of growth forming the stigma cavity. 2.34. Mature stigma. 2.35. Oblique-polar
view of mature flower hypanthium with all organs except the carpel removed to show
bilaterally narrow hypanthium. 3.36-2.37. C. exostemma. 236. Inner surface o f mature
adaxial petal, showing claw and folded blade. 2.37. Higher magnification of lip of
tissue present between the claw and blade.
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reduced many of those to synonymy within the group and included species which have
been named since Britton and Rose’s treatment, making a total of 38 species in the
infrageneric group Poincianella. The two representatives chosen for this study, C.
exostemma and C. parmosa, differ only slightly from each other in mature floral
morphology. Both species have two senescence scars on the pedicel, unequal imbricate
sepals, a cucullate abaxial sepal, and five clawed petals. The flowers o f C. parmosa
differ from those of C. exostemma in that they lack the two fenestrations at the base of
the stamen filaments and have a shallow, circular hypanthium, not a laterally
compressed one. C. exostemma has the two fenestrations and a laterally compressed
hypanthium (as in C. cassioides).
Inflorescence and flower development — The pattern of early floral
development in C. exostemma is not illustrated because it is nearly identical to that
shown for C. cacalaco and previously described for C. vesicaria, C. cassioides, and C.
pulcherrima (Tucker, et. al., 1985). The inflorescence is racemose and there is no
evidence that bracteoles are initiated in C. exostemma. The first sepal is initiated in a
median position. It has unidirectional initiation of sepals and outer and inner stamens
(petal initiation was not observed). The carpel is closed by mid-development, before
ovule initiation. C. exostemma also has a feature not seen in any other species included
in this study, but found by Lewis (1994) in other species from the Poincianella
infrageneric group. The adaxial petal of C. exostemma (Fig. 2.36) has a lip of tissue
(Fig. 2.37) in the same position as the pad of hairs found on the petals of C. cacalaco.
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C. parmosa also has a racemose inflorescence (Fig. 2.38), but it is glabrous. No
bracteoles are initiated on the early flower primordia (Figs. 2.39 and 2.40). The first
sepal primordium is initiated in the median position (Fig. 2.40) and subsequent sepal
initiation is unidirectional with the two lateral sepal primordia initiated after the first
(Fig. 2.40, at arrows, and Fig. 2.41) and then the two adaxial sepal primordia initiated
last. The early floral development of C. parmosa differs from that of the taxa already
described, including C. exostemma, in that in C. parmosa there is overlap in initiation
between the sepal, petal and outer stamen whorls as can be seen in Figs. 2.41 and 2.42.
In Fig. 2.41 the first two abaxial petal primordia (at arrows) are visible at the same time
that the first outer stamen primordium (at arrowheads) is also present. Fig. 2.42 is an
oblique side view of the same flower primordium showing that the adaxial sepal and
petal primordia have not been initiated, even though the first two petal primordia and
the first outer stamen primordium are clearly visible. Subsequent initiation of both the
petals and outer stamens is unidirectional in each whorl. The inner stamens are initiated
unidirectionally starting abaxially after the outer stamens are all present (Fig. 2.43).
Further development is similar to that of the previous taxa described, with the abaxial
sepal becoming cucullate during mid-development (Fig. 2.44).
Caesalpinia infrageneric group Libidibia (Figs. 2.45-2.65)
Organography — Britton and Rose (1930) defined Libidibia (DC.) Schlecht. as
being unarmed trees with an indehiscent legume, calyx segments nearly alike, and an
entire or erose lower calyx segment. Only two species from this genus were described
by them; the two current species C. coriaria and C. sclerocarpa, both examined for
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Figures 2.38-2.44. Organogenesis and overlap in initiation between organ whorls in
Caesalpinia pannosa. Abaxial side of flower is at bottom of figure in Figs. 2.39-2.44.
Bars = 100 mm in Fig. 2.38 and 50 mm in Figs. 2.39-2.44.2.38. Lateral view of
inflorescence tip with subtending bracts removed to expose flower primordia. 2.39.
Polar view of floral apex before organs are initiated, no bracteoles have formed. 2.40.
Flower primordium with first sepal primordium initiated on the abaxial side in the
median sagittal position. 2.41. Oblique view of flower primordium showing
unidirectional organ initiation for the sepal, petal, and outer stamen whorls starting on
the abaxial side. There are three sepal primordia visible, two petal primordia (at
arrows), and the first outer stamen primordium (at arrowhead) present 2.42. Oblique
view showing overlap in initiation between the sepal, petal and outer stamen whorls.
One lateral sepal has been removed. The two sepal primordia on the adaxial side have
not been initiated but the two petal primordia (at arrows) and one outer stamen
primordium (at arrowhead)on the abaxial side have been initiated. 2.43. Polar view of
young flower with all organs present but the adaxial inner stamen primordium, showing
unidirectional initiation of the inner stamen primordia. 2.44. Mid-stage flower showing
cucullate abaxial sepal, carpel with cleft, and stamen primordia beginning to form
anthers. S, sepal.
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this study. Both species have unequal imbricate sepals, a cucullate abaxial sepal, all
petals clawed, two fenestrations at the base of the adaxial stamen filaments, and a
shallow, laterally compressed hypanthium. C. sclerocarpa differs from C. coriaria and
all the species described previously in that it has only one senescence scar at the base of
its pedicel. The second senescence scar higher up the pedicel is missing. Early stages
of these two species are similar and will be illustrated with C. sclerocarpa.
Inflorescence and flower development — C. sclerocarpa has a very tightly
packed racemose inflorescence (Fig. 2.45) with thick hairy bracts (mostly removed in
the figure). There is no evidence o f bracteole formation (Fig. 2.46) although the bare
floral apex is broad tangentially. The first sepal primordium is initiated in the median
abaxial position (Fig. 2.47). The order of sepal initiation is unidirectional, with the two
lateral sepals initiated simultaneously after the median abaxial sepal primordium (Fig.
2.48). The two adaxial sepal primordia appear to be initiated sequentially as described
for C. vesicaria (Tucker et al., 1984). In Fig. 2.49 only one of the adaxial sepal
primordia is clearly visible (at arrow) and in Fig. 2.50 one of the adaxial sepal
primordia appears larger than the other. The petals are initiated unidirectionally (Fig.
2.51) starting abaxially, and the carpel is first visible at the time of petal initiation. The
order of initiation of the outer stamen whorl is also unidirectional from the abaxial side
(Fig. 2.52); however, one of the two adaxial outer stamen primordia appears slightly
larger than the other in one flower shown (Fig. 2.53). This could be because one
initiated before the other or because one outer stamen primordium was more
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Figures 2.45-2.56. Organogenesis and mid-stage flower development in Caesalpinia
sclerocarpa. Abaxial side of flower is at base in Figs. 2.46-2.53 and at top in Figs.
2.54-2.56. Bars = 100 pm in Fig. 2.45; 50 pm in Figs. 2.46-2.55; and 500 pm in Fig.
2.56. 2.45. Inflorescence tip with subtending bracts removed to expose developing
floral buds. 2.46. Polar view of floral apex with no organs initiated and no bracteoles.
2.47. Rower primordium with first sepal primordium initiated on the abaxial side in a
median position. 2.48. Rower showing unidirectional sepal initiation from the abaxial
side, with three sepal primordia present. 2.49. Oblique abaxial view of flower with two
lateral sepal primordia, and one adaxial sepal primordium visible (at arrow) as a small
point. Abaxial sepal has been removed. 2.50. Polar view of young flower with all sepals
present (abaxial sepal has been removed). Roral apex is petagonal. 2.51. Rower
primordium with first two abaxial petal primordia initiated (at arrows) and carpel
initiation. Four sepals removed. 2.52. All petal primordia have been initiated.
Unidirectional outer stamen initiation with three outer stamen primordia (at arrows)
present. Four sepals have been removed. 2.53. Flower with all petal primordia and
outer stamen primordia present and carpel cleft forming. Carpel height is approximately
105 pm. 2.54. Lateral adaxial view of mid-stage bud with all sepals removed. Petals
and outer stamens are differentiating. Carpel height is approximately 385 pm. Ad =
adaxial side of flower. 2.55. Mid-stage carpel showing terminal flattening of
developing stigmatic region. 2.56. Lateral adaxial view of flower with all the sepals
removed, showing overlap of petals, stamen anthers, and the marginal ring of growth
on the developing stigma. Ad = adaxial side of flower. S, sepal; P, petal; A, outer
stamen; C, carpel.
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compressed in the bud. At a height of approximately 105 jim, the carpel cleft becomes
visible in a median adaxial position (Tig. 2.53).
During mid-development the bud is still very tightly packed (Fig. 2.54, carpel
height of 385 pm) with all the organs very tightly appressed causing the anthers to have
somewhat angular shapes. Stigma development in C. sclerocarpa is similar to that
described for other species of Caescdpinia. It starts with a terminal flattening of the
carpel (Fig. 2.55) and then a marginal ring of growth appears (Fig. 2.56). This ring of
tissue becomes papillate (Fig. 2.57) and eventually forms a crateriform stigma with a
ring of papillae around the entrance to the crater (Fig. 2.58).
In the mature flowers of both C. sclerocarpa and C. coriaria, the adaxial petal
has a large pad of hairs between the claw and blade (C. sclerocarpa, Fig. 2.59; C.
coriaria, Fig. 2.60). C. coriaria differs from C. sclerocarpa in that the adaxial petal of
C. coriaria has large stalked glands on its outer or abaxial surface (Fig. 2.61 and Fig.
2.63). Both species have the shallow, laterally compressed hypanthium typical of many
species o f Caescdpinia (shown for C. coriaria, Fig. 2.62).
Both C. sclerocarpa and C. coriaria share one mature floral feature that is
unique to them among all the species examined: the base o f the adaxial inner stamen
filament is bent downwards like a hook into the hypanthium. Only the one filament is
bent in this manner. The other nine filaments extend straight out from their point of
attachment on the rim of the hypanthium. The bent adaxial stamen filament is shown
for C. coriaria in Fig. 2.63 and 2.64 (close up) and for C. sclerocarpa in Fig. 2.65.
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Figures 2.57-2.65. Mid-stage flower development and mature floral features in species
of Caesalpinia. Bars = 100 pm in Figs. 2.57-2.58; 500 pm in Figs. 2.59-2.65. 2.572.59, 2.65. C. sclerocarpa. 2.57. Developing stigma showing papillae forming around
cavity. 2.58. Mature crateriform stigma. 2.59. Inner surface of adaxial petal from
mature flower with pad of hairs in the claw. 2.60-2.64. C. coriaria. 2.60. Inner surface
of Iate-stage adaxial petal with pad of hairs in the claw and base of the blade. 2.61. Side
view of adaxial petal showing glandular hairs on outer surface and trichomes around
the base. 2.62. Polar view of late-stage flower with all organs removed except the
carpel to show bilaterally narrow hypanthium. 2.63. Lateral view of mature flower with
all sepals, all lateral petals and part of the hypanthial wall removed. The adaxial petal
(labelled) has hairs and glands on its outer surface. The adaxial inner stamen filament is
bent downwards in to the hypanthium. 2.64. Exposed adaxial inner stamen showing
bend at the base of the filament. 2.65. C. sclerocarpa, adaxial inner stamen filament
showing bend at base (at arrow).
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This feature was only visible in large buds and flowers at anthesis. It persists during
anthesis and does not straighten out (as coiled filaments do where they occur).
Caesalpinia infrageneric group Guilandina (Figs. 2.66-2.75)
Organography — Britton and Rose (1930) described 17 species in their genus
Guilandina L. and described them as armed woody vines or vine-like shrubs. It is now
recognized as a subgenus of Caesalpinia (Gillis and Proctor, 1974) and primarily is
distinguished from the rest of the Caesalpinia by having prickly fruits, hard, globose
seeds, and unisexual flowers caused by late-stage suppression of either the stamens or
the carpel. C. ovalifolia was the only representative from this subgenus available for
this study. However, species distinctions in this subgenus seem to be based almost
entirely on leaflet characters and seed color, so the floral morphology of C. ovalifolia is
thought to be representative of Guilandina. C. ovalifolia has two senescence scars on
the pedicel, an unequal imbricate calyx, a cucullate abaxial sepal, five clawed petals,
and two fenestrations at the base of the adaxial stamen filaments. Only functionally
male material was available, so information on carpel development is incomplete.
Inflorescence and flower development — The inflorescence of C. ovalifolia is
racemose (Fig. 2.66) and densely covered with long straight hairs. No bracteoles are
formed. The first sepal primordium is initiated in a median abaxial position (Fig. 2.67)
and subsequent sepal initiation is unidirectional. In subsequent stages, all five sepal
primordia were present with the four non-median sepal primordia of about the same
size, suggesting that they might arise simultaneously (Fig. 2.68). The petals appear to
arise simultaneously (Fig. 2.69), based on this figure and other figures. Outer stamen
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Figures 2.66-2.75 Flower development of Caesalpinia ovalifolia. Abaxial side is at
base in Figs. 2.67-2.71; at top in Figs. 2.72-2.73; and labelled with asterisk in Figs.
2.74-2.75. Sepals removed in Figs. 2.70-2.74, some other parts removed in Figs.
2.72.2.73 and 2.75. Bars = 100 pm in Figs. 2.66, 2.72-2.73; 50 pm in Figs. 2.67-2.71;
and 1 mm in Figs. 2.74-2.75.2.66. Inflorescence tip with subtending bracts removed to
expose flower primordia in bract axils. Many of the flower primordia have also been
removed. 2.67. Polar view of floral apex with first sepal primordium initiating in a
median position abaxially. 2.68. Floral apex with all five sepal primordia initiated. 2.69.
Oblique view of flower showing four sepal primordia enlarging and petal initiation.
Abaxial sepal has been removed. 2.70. Flower showing all five petal primordia present,
and unidirectional outer stamen initiation form the abaxial side. The carpel mound is
distinct at this stage. 2.71. Flower with all organs through outer stamens; the inner
stamens are initiating. 2.72. Lateral adaxial view of a mid-stage carpel (height
approximately 535 pm) with ovules being initiated inside the open cleft. 2.73. Lateral
view of carpel showing appression of margins, and terminal flattening at the distal end.
The sepals, petals and one outer stamen have been removed. 2.74. A late-stage bud
with the sepals removed, showing ascending cochleate aestivation of the petals. Adaxial
petal is at arrow. 2.75. Longisection of a late stage-bud showing small size of carpel
relative to other organs in a functionally male flower. S, sepal; P, petal; A, outer
stamen; C, carpel.
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initiation (Fig. 2.70) appears unidirectional from the abaxial to the adaxial side. The
pattern of inner stamen initiation (Fig. 2.71, with four of the five inner stamen
primordia visible) was difficult to determine because these primordia are obscured by
older organs at early stages. There does not appear to be any overlap in initiation
between the different organ whorls.
The carpel is first visible at the time of outer stamen initiation (Fig. 2.70). Early
features of carpel and stigma development were discernible. At a carpel height of
approximately 535 tun, the carpel stipe is beginning to develop although the cleft is still
open (Fig. 2.72), with a developing ovule visible inside the locule. At this stage the
carpel is also densely pubescent on the abaxial side. In a later mid-stage bud the carpel
cleft is closed and the stigmatic region has become terminally flattened (Fig. 2.73), as is
typical of many of the other species of Caesalpinia examined. In a bud that appeared
to be nearly mature, the adaxial petal claw (at arrow) is differentiating (Fig. 2.74).
There is also a pad of hairs on the inner surface of the claw, as described for other
species. In a bud of a similar stage the carpel is relatively small compared to the other
organs (Tig. 2.75), indicating that the flower would have become a unisexual staminate
flower. The hypanthium is shallow, wide, and circular, not laterally compressed.
Caesalpinia infrageneric group Biancaea (Figs. 2.76-2.91)
Organography -- C. sepiaria is the only species of Biancaea Todaro described
in Britton and Rose’s (1930) treatment. Their genus Biancaea was distinguished by
having a flat, dehiscent legume, flat or compressed seeds, and deflexed flowers. The
floral morphology of C. sepiaria is typical among the species of Caesalpinia sensu lato
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surveyed in having two senescence scars on the pedicel, a cucullate abaxial sepal, all
the petals clawed, and a laterally compressed hypanthium. The adaxial petal is involute
and has a pad o f hairs present on the inner surface of the claw (Fig. 2.91). C. sepiaria
lacks the fenestrations between the adaxial filament bases found in most other species
of Caesalpinia.
Inflorescence and flower development — The inflorescences of C. sepiaria are
racemose with the flower primordia and their subtending bracts initiating in a helical
arrangement (Fig. 2.76). In this collection of C. sepiaria many of the inflorescences
developed a peloric “flower” at the apex (Fig. 2.77). The following description is of
the typical flowers (non-peloric flowers). No bracteoles are initiated (Fig. 2.78). The
first sepal primordium is initiated in a median abaxial position (Fig. 2.79). Subsequent
sepal initiation is unidirectional and similar to that described for C. vesicaria by Tucker
(1984), in which the last two adaxial sepals do not arise simultaneously, but instead one
clearly precedes the other (Fig. 2.80), and one of the adaxial sepals is larger, at least
initially (Fig. 2.81). Petal initiation is unidirectional with the two abaxial petal
primordia arising first (Fig. 2.82) followed by the two lateral petal primordia and one
adaxial petal primordium (Fig. 2.83). At this same stage the first three outer stamen
primordia are present, with the median abaxial outer stamen primordium being the
largest (Tig. 2.83). Then the two adaxial outer stamens arise (Fig. 2.84), showing a
unidirectional pattern of initiation for this whorl. And lastly the inner stamen whorl
also appears to arise unidirectionally, with the two abaxial inner stamen primordia (at
arrows) present before any others (Fig. 2.84).
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Figures 2.76-2.81. Inflorescence structure and sepal initiation in Caesalpinia sepiaria.
Abaxial sides at base in Figs. 2.78-2.81. Bars = 100 jim in Fig. 2.76 and 50 pm in Figs.
2.77-2.81.2.76. Inflorescence apex with a peloria at top. 2.77. Inflorescence apex with
subtending bracts removed to expose flower primordia in bract axils. No peloria has
developed yet. 2.78. Polar view of floral apex with no organs initiated yet and no
bracteoles. 2.79. Flower primordium with first sepal primordium initiated on the abaxial
side in a median position. 2.80. Flower with four sepal primordia initiated. One of the
two adaxial sepals has been initiated before the other. 2.81. Flower with all sepals
present. S, sepal.
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Figures 2.82-2.91. Organogeny and mid- and late-stage flower development of
Caescdpinia sepiaria. All sepals removed. Abaxial side is at base in Figs. 2.82-2.8S.
Bars = 50 pm in Figs. 2.82-2.88; 100 pm in Figs. 2.89-2.90; 500 pm in Fig. 2.91. 2.82.
Flower primordium showing unidirectional petal initiation starting abaxially. The two
abaxial petal primordia have been initiated. 2.83. Flower with all the petal primordia
initiated and three outer stamen primordia initiated, on abaxial side and in lateral
positions. The carpel mound is being initiated at this stage. 2.84. Flower showing
unidirectional initiation of the inner stamen whorl starting abaxially. Two abaxial inner
stamen primordia at arrowheads. 2.85. Exposed carpel primordium with cleft
developing on the adaxial side. Carpel height is approximately 150 pm. 2.86. Lateral
view o f mid-stage carpel (height approximately 500 pm) with developing ovules visible
in the open carpel cleft. 2.87. Mid-stage carpel showing terminal flattening of
developing stigma. 2.88,2.89. Two views of later stage of stigma development
showing fused carpel suture and marginal ring of growth. Papillae are forming all
around stigma margin. 2.90. Mature crateriform stigma showing laterally broad shape
of stigma pore. 2.91. Claw of mature adaxial petal with hairs on inner surface and
margins. P, petal; A, outer stamen; C, carpel.

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.

55

'

_■»r'V-‘ < v

Figures 2.82-2.91.

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission .

56

The carpel mound first becomes distinct at the time that the outer stamen whorl
is being initiated (Tig. 2.83). The carpel cleft is formed in a median position on the
adaxial side of the developing carpel (Fig. 2.85, height of 150 pm) after all the other
organs have been initiated. The carpel, at a height of approximately 500 pm, remains
open with the margins unfused until after the ovules have been initiated (Fig. 2.86).
The distal end of the developing carpel becomes flattened before the margins have
become completely fused (Fig. 2.87), but at a later stage in stigma development the
cleft is completely fused through the level of the developing stigmatic region (Fig.
2.88). At this stage there is a marginal ring of growth with papillae forming at the edge
(Fig. 2.88 and 2.89). At maturity the stigma is crateriform with a marginal ring of
papillae (Fig. 2.90).
Caesalpinia infrageneric group Mezoneuron (Figs. 2.92-2.116)
Organography — Mezoneuron (Desf.) Vidal has been recognized as a subgenus
of Caesalpinia (Herendeen and Zarucchi, 1990) and is distinguished by having winged
fruit. Britton and Rose (1930) did not describe any species from this infrageneric
group because all the extant species are Old World, but the group has been treated by
Hattink (1974). C. cucullata and C. kauaiense are the two species that represent the
subgenus Mezoneuron in this study. These two species are quite similar in mature floral
morphology and both have two senescence scars on the pedicel, a cucullate abaxial
sepal, five clawed petals, and two fenestrations at the base of the adaxial stamen
filaments. However, several differences were found in floral development between the
two species, so both are described and illustrated. The only major difference in mature
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floral form between the two is that C. cucullata has an adaxial pad of hairs on the
adaxial petal claw while the adaxial petal of C. kauaiense is glabrous.
Inflorescence and flower development — C. cucullata has a racemose
inflorescence (Tig. 2.92, inflorescence tip removed) and it clearly has bracteoles
subtending the flower primordia (Fig. 2.93). An unusual feature of C. cucullata,
among the species of Caesalpinia surveyed, is the position of the first sepal
primordium; it arises in a non-median position on the abaxial side (Fig. 2.94).
However, the first sepal primordium appears to very quickly expand differentially to
occupy a median position (Fig. 2.95) and appears median in all later-stage buds. After
the first sepal primordium has expanded to fill the median abaxial side of the developing
flower, the next two sepal primordia appear in lateral positions (Fig. 2.96) and then the
last two sepal primordia appear on the adaxial side (Fig. 2.97). Petal initiation starts on
the abaxial side (Figs. 2.97) and is unidirectional (Fig. 2.98). Initiation of the outer
stamen whorl (Figs. 2.99 and 2.100) and inner stamen whorl (Figs. 2.100 and 2.101)
are also unidirectional from the abaxial side. There is no evidence of overlap between
any of the different organ whorls.
The carpel mound of C. cucullata is first evident at the time that the inner
stamens are being initiated (Fig. 2.100). The carpel cleft forms on the adaxial surface
of the carpel at a height of approximately 150 pm (Fig. 2.102). Subsequent carpel
initiation is typical of other species of Caesalpinia except for stigma development. In
C. cucullata the stigma starts as a terminally flattened region, as in many other species,
but the carpel margins do not fuse at the distal end of the carpel (Fig. 2.103 and 2.104).
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Figures 2.92-2.97. Organogeny of Caesalpinia cucullata. Abaxial side is at base in
Figs. 2.93-2.97. Bars = 100 pm in Fig. 2.92 and 50 pm in Figs. 2.93-2.97. 2.92.
Inflorescence tip with apex removed and subtending bracts removed to expose flower
primordia in bract axils. 2.93. Floral apex with bracteoles and bulge in the position
where first sepal primordium will be initiated. 2.94. Floral apex with first sepal
primordium initiated in a non-median position. 2.95. Later stage floral apex with first
sepal primordium appearing median in position. 2.96. Flower showing unidirectional
initiation of sepals starting abaxially. The first three sepal primordia have been
initiated. 2.97. Flower with all sepal primordia initiated and the first two petal
primordia (at arrows) initiated on the abaxial side. The two lateral petal primordia (at
arrowheads) appear to be initiating. B, bracteole.
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Figures 2.98-2.107. Organogeny and mid- and late-stage flower development in
Caesalpinia cucullata. Abaxial side is at base in Figs. 2.98-2.102. Some or all sepals
have been removed in Figs. 2.98-2.102. Bars = 50 pm in Figs. 2.98-2.100 and 100 pm
in Figs. 2.101-2.107. 2.98. Flower with all petal primordia initiated. Abaxial sepal has
been removed. 2.99. Flower with all petal primordia showing unidirectional initiation of
outer stamens from abaxial side. Three stamen primordia have been initiated and the
carpel is initiating. 2.100. Floral apex with all outer stamen primordia initiated and the
first two inner stamen primordia initiated on the abaxial side. The carpel mound is also
visible. 2.101. Flower with all organs initiated and starting to enlarge. 2.102. Mid-stage
flower showing the carpel cleft forming in a median adaxial position. Carpel height is
approximately 150 pm. 2.103,2.104. Two views of developing stigma at mid-stage
showing terminal flattening. The carpel cleft is not fused at the stigma. 2.105. Later
stage stigma showing marginal expansion and continued lack of fusion of cleft. 2.106.
Stigma from large bud showing interlocking papillae on margins of laterally flattened
stigma. 2.107. Mature stigma with open margins. Pollen grains are visible in the center
of the stigma. S, sepal; P, petal; A, outer stamen; a, inner stamen; C, carpel.

R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout perm ission.

61

Figures 2.98-2.107.

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.

62

The cleft does not appear to ever completely fuse terminally during stigma
development. After side-to-side flattening, the margins continue to expand (Fig. 2.10S)
but without forming the large chamber that is found in other species of Caesalpinia.
The margins of the developing stigma do become fringed with short papillae (Fig.
2.106 and 2.107). At maturity the stigma is large, elongate, and open (Fig. 2.107).
The inflorescence structure and early floral development of C. kauaiense is
similar to most of the other species of Caesalpinia examined. The inflorescence is
racemose (Fig. 2.108) as in C. cucullata, but bracteoles were not observed in C.
kauaiense (Fig. 2.109), unlike C. cucullata. As in all the other species of Caesalpinia
examined, except for C. cucullata, the first sepal of C. kauaiense is initiated in a
median abaxial position (Fig. 2.109). Otherwise early floral development of C.
kauaiense is identical to that of C. cucullata, with each whorl of organs initiated in a
unidirectional pattern from the abaxial side (not shown). The only other difference
between C. kauaiense and C. cucullata was found in stigma development. The
developing stigma starts as a slightly flattened terminus (Fig. 2.110). The carpel
margins do not appear to be completely fused at the time that the margins of the
developing stigmatic region are first becoming differentiated (Fig. 2.111 and 2.112),
however, the margins are appressed, unlike in C. cucullata. The margins of the
developing stigma continue to expand distally forming a small crater (Fig. 2.112 and
2.113). At maturity the stigma is punctate and crateriform (Fig. 2.114) very unlike that
ofC. cucullata.
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Figures 2.108-2.116. Floral features of Caescdpinia kauaiense. The abaxial side is at
the base in Figs. 2.109,2.115-2.116; at top in Figs. 2.111-2.113; labelled with asterisk
in Fig. 2.110. Bars= 100 pm in Figs. 2.108,2.110-2.114; 50 pm in Fig. 2.109; and 1
mm in Figs. 2.115-2.116. 2.108. Inflorescence tip with subtending bracts removed to
expose bract-subtended flower primordia. 2.109. Flower apex showing first sepal
initiated in median position and no distinct bracteoles. 2.110. Lateral view of mid-stage
carpel. 2.111. Adaxial side of mid-stage carpel showing first signs of stigma crater
formation. 2.112. Slightly later stage stigma with a distinct crater. 2.113. Later stage
stigma with punctiform opening. 2.114. Mature punctiform-crateriform stigma. 2.115.
Late-stage flower bud with sepals and petals removed to show inverted anther, each
with a median adaxial groove (at arrowhead), and folded filaments. One of the
fenestrations at the base of the adaxial stamen filaments is visible (at arrow). 2.116.
Hypanthium of late-stage flower with all organs except carpel removed to show
bilateral symmetry of hypanthium. S, sepal.
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C. kauaiense is used here to illustrate two of the mature features also found in
C. cucullata. The anthers have a median groove on the abaxial surface (Fig. 2.1 IS)
that is common in species of Caesalpinia, and a shallow, laterally compressed
hypanthium (Fig. 2.116), similar to that of C. cassioides.
Caesalpinia infrageneric group Brasilettia (Figs. 2.117-2.136)
Organography - Britton and Rose (1930) described eight species in Brasilettia
(DC.) Kuntze and defined the genus as having flat, indehiscent, few-seeded fruit and
fimbriate or lacerate lower calyx segments. C. velutina and C. violacea, the two
representatives from the Brasilettia infrageneric group of Caesalpinia, have two
senescence scars on the pedicel, an unequal, imbricate calyx, a cucullate abaxial sepal,
five clawed petals, and two fenestrations at the base of the adaxial stamen filaments.
They are unique in several interesting ways. One important feature of the flowers of
these two species is that they are polygamous; as will be shown, this is affected by late
stage suppression of organs. The early floral development of these two taxa is similar
to that of most other species of Caesalpinia examined, but with one major difference in
the pattern of sepal initiation.
Inflorescence and flower development — The two species do not differ
significantly in floral development. The inflorescence structure is racemose in both C.
violacea (Fig. 2.117) and C. velutina (Fig. 2.122). Bracteoles are present in both
species, but they are highly reduced. A bracteole is visible on the side of a flower
primordium in C. violacea (Fig. 2.120, at arrow). Sepal initiation is shown for C.
violacea, but is the same for C. velutina. The first sepal primordium is initiated in a
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median abaxial position (Fig. 2.118, C. violacea). Subsequent sepal initiation is
bidirectional, with the next two sepal primordia initiated on the adaxial side of the floral
primordium (Figs. 2.119, side view and 2.120, C. violacea). The next two sepal
primordia arise laterally, between the median abaxial and the pair of adaxial sepal
primordia (Fig. 2.121, C. violacea). C. velutina also has a bidirectional pattern of sepal
initiation (Fig. 2.123) and this pattern is reflected in later stages, such as sepal
aestivation (Fig. 2.124, C. velutina). The order of initiation of other organ whorls is
difficult to determine, in part because of the tight packing of the buds during
organogeny, making it difficult to pull off the sepals without destroying the rest of the
meristem. Petal, outer stamen and inner stamen initiation are shown for C. velutina,
but are similar in C. violacea. In C. velutina, petal initiation appears to be
unidirectional, with the two abaxial petal primordia visible first (Fig. 2.125) and the rest
of the petal primordia visible later (Fig. 2.126). Outer stamen initiation also appears to
be unidirectional from the abaxial side. In Fig. 2.126, the first outer (antesepalous)
stamen primordium is present in an abaxial median position before any other outer
stamen primordia are visible. The pattern of initiation for the inner stamens also
appears to be unidirectional (Fig. 2.127) with the two abaxial stamen primordia visible
before the other inner stamen primordia. The outer (antesepalous) stamen primordia
enlarge faster initially than the petal primordia that preceded the stamens (Fig. 2.127).
The carpel first appears as a raised mound during petal initiation, shown for C.
velutina (Fig. 2.125). The carpel cleft forms adaxially in a median position (not shown).
The carpel cleft is closed during ovule initiation in C. velutina, but open during ovule
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Figures 2.117-2.123. Sepal initiation in the Brasilettia infrageneric group of
Caesalpinia. Abaxial side is at the base in Figs. 2.118-2.121,2.123. Bars = 500 pm in
Fig. 2.117; 50 pm in Figs. 2.118-2.121,2.123; and 100 pm in Fig. 2.122. 2.117-2.121.
C. violacea. 2.117. Inflorescence tip with subtending bracts removed to expose axillary
flower primordia. 2.118. Flower primordium with first sepal primordium initiated on
the abaxial side in a median position. 2.119. Young flower showing bidirectional sepal
initiation. The single abaxial and the two adaxial sepal primordia have been initiated
before the two lateral sepals. 2.120. Slightly oblique view of flower showing initiation
of the two lateral sepal primordia that initiate last in the sepal whorl. The abaxial sepal
has been removed. One bracteole is at arrow. 2.121. Polar view of flower with all sepal
primordia initiated. The abaxial sepal has been removed. 2.122-2.123. C. velutina.
2.122. Inflorescence tip with apex and subtending bracts removed to expose axillary
flower primordia. 2.123. Flower with all sepal primordia present (the abaxial sepal has
been removed) showing that the two adaxial sepal primordia are larger than the two
lateral sepal primordia.
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initiation in C. violacea (not shown). Stigma development in the female flowers is the
same for both species and has a feature that is unique within the species o f Caesalpinia
surveyed. It is illustrated for C. violacea. The stigma starts as a terminal flattening of
the distal end o f the carpel (Fig. 2.128) as is typical of many Caesalpinias examined, but
the tip becomes broadly truncate (Fig. 2.129 and 2.130). In side view the stigma is
somewhat dome-shaped with papillae being initiated in a marginal ring, but there is no
marginal ring of growth (Fig. 2.130), unlike other Caesalpinia species. At maturity the
stigmatic surface appears to be covered with short papillae and surrounded by a
marginal ring of longer papillae (Fig. 2.133). Fig. 2.131 shows a feature found only in
the representatives of the Brasilettia group so far, in mid-stage buds, the stigma
protrudes among the petals. Fig. 2.132 shows a dissected flower with the petals
removed, at about the same developmental stage as in Fig. 2.131, to show the strong
bend in the carpel and the stunted anthers of a functionally carpellate flower.
In flowers of both species, the adaxial petal is basally thickened compared to
the lateral petals. The adaxial petal is also glabrous on the inner surface in both
species. The adaxial petal of C. violacea has hairy margins on the entire petal (Fig.
2.134) although the margins of the adaxial petal of C. velutina are hairy only at the
base (Fig. 2.135). The sepals margins of these two species are also similar in that they
have comb-like projections (shown for C. velutina in Fig. 2.136), which appear to be
glandular in nature.
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Figures 2.124-2.136. Floral development and late stage floral features in the Brasilettia
infrageneric group of Caesalpinia. Abaxial side is at the base in Figs. 2.124-2.127; at
top in Figs. 2.128-2.131; labelled with asterisk in Fig. 2.132. Some or all sepals
removed in Figs. 2.125-2.127.2.129. Bars = 50 pm in Figs. 2.124-2.128; 100 pm in
Figs. 2.129-2.130,2.133; 500 pm in Figs. 2.131-2.132, 2.134, 2.136; and 1 mm in Fig.
2.135. 2.124-2.127. C. velutina. 2.124. Young flower showing sepal aestivation, which
reflects the order of sepal initiation. 2.125. Flower with two abaxial petal primordia
initiated (at arrows), as well as carpel mound. 2.126. Floral apex with all five petal
primordia initiated and first outer stamen present (at arrow). The carpel mound (height
approximately 65 pm) is enlarging. 2.127. Flower showing unidirectional inner stamen
initiation with the first two being initiated abaxially. Carpel height is approximately 90
pm. 2.128-2.134. C. violacea. 2.128. Mid-stage stigma showing terminal flattening.
2.129. Adaxial side view of mid-stage flower with sepals removed, to show petal
aestivation, stamens, and flattened stigma. 2.130. Developing stigma showing
continued expansion of entire stigmatic surface. 2.131. Later stage flower with sepals
removed to show petals folded around exposed stigma. 2.132. Flower with sepals,
petals and some stamens removed, showing carpel curved towards adaxial side of
flower. The shrivelled anthers in this flower support it was functionally carpellate.
2.133. Mature truncate stigma showing marginal ring of papillae. 2.134. Inner surface
of adaxial petal from mature flower, showing the hairs along the petal margin. 2.1352.136. C. velutina. 2.135. Inner surface of mature adaxial petal with hairs along the
margin only at the claw. 2.136. Close-up of sepal margin. S, sepal; P, petal; A, outer
stamen; C, carpel.
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Caesalpinia infrageneric group Erythrostemon(Figs. 2.137-2.160)
Organography — C. gilliesii was chosen to represent the infrageneric group
Erythrostemon in this study as it was the only species described by Britton and Rose
(1930) from Erythrostemon Klotzsch. Lewis (1994) included approximately eight
other species in his infrageneric group Erythrostemon. Britton and Rose (1930)
defined Erythrostemon as being unarmed shrubs or trees with imbricate, nearly equal
calyx segments, a flat, dehiscent legume, and greatly elongated stamen filaments in the
flowers. C. gilliesii has a cucullate abaxial sepal, five clawed petals, and two
fenestrations at the base of the adaxial stamen filaments. The flowers of C. gilliesii
have only one senescence scar at the base of the pedicel, instead of two as found in
some members of Caesalpinia examined. The second senescence scar higher up the
pedicel is missing. The hypanthium of C. gilliesii is poorly developed and not laterally
compressed as in other species examined.
Inflorescence development — The inflorescence of C. gilliesii is racemose (Fig.
2.137) and nearly glabrous. The inflorescence also has lateral vegetative buds
developing at the base at the same time that floral buds are developing (Fig. 2.137).
The bracts subtending the flower primordia are not heavily thickened and are covered
with stalked glandular hairs, particularly on the margins, with one long stalked gland at
the apex (Fig. 2.138). No bracteoles were observed in any of the material examined in
spite of the fact that the floral primordia appeared somewhat oblong tangentially prior
to any organs appearing (Fig. 2.139).
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Figures 2.137-2.142. Sepal initiation in Caesalpinia gilliesii. Abaxial side is at the base
in Figs. 2.139-2.142. Bars = 100 |im in Fig. 2.137; 500 pm in Fig. 2.138; and 50 pm in
Figs. 2.139-2.142. 2.137. Inflorescence dp with subtending bracts removed to expose
flower primordia in bract axils and with vegetative buds at the base (at arrows). 2.138.
Inner surface of a subtending bract showing stalked glands on margin and at apex.
2.139. Polar view of floral apex before organs are initiated and lacking bracteoles.
2.140. Floral apex with slight bulge on abaxial side where the first sepal primordium (at
arrowhead) is being initiated in a median position. 2.141. Flower with the first three
sepal primordia initiated. The median abaxial and the two lateral sepal primordia are
visible as slight bulges on either side of the floral apex. 2.142. Flower with first three
sepal primordia and first two petal primordia (at arrows) initiated.
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Flower development — C. gilliesii has overlap in initiation between the organ
whorls, as seen in C. pannosa. The first sepal primordium (at arrow) is initiated in a
median abaxial position (Fig. 2.140) and subsequent sepal initiation is unidirectional. In
Fig. 2.141 the two lateral sepal primordia are visible but the two adaxial sepal
primordia have not arisen. At the time that the first two petal primordia are initiated on
the abaxial side o f the developing flower the last two sepal primordia appear on the
adaxial side as two ridges of tissue (Fig. 2.142 and 2 .14S). At this stage and in the
following stages the petal and stamen primordia remain small (Figs. 2.143-2.150), so
that it is difficult to determine the order of initiation of each whorl and the amount of
overlap between some of the whorls. It is not until after the first stamen primordia have
been initiated that the last two adaxial sepal primordia are clearly distinguishable (Fig.
2.146). Petal initiation appears unidirectional, starting with the two abaxial petal
primordia (Fig. 2.142), then the two lateral petal primordia (Fig. 2.143) and lastly the
single adaxial petal primordium (Fig. 2.144). After all the petal primordia have been
initiated, the first outer stamen primordium appears on the abaxial side of the flower
primordium (at arrow, Fig. 2.146). Subsequent outer stamen initiation is unidirectional
with the two lateral outer stamen primordia visible next (at arrows, Fig. 2.147) and the
two adaxial stamen primordia initiating last (Fig. 2.148). However, at the same time
that the two lateral outer stamen primordia are first visible and before the two adaxial
outer stamen primordia are clearly present, low mounds are seen in the positions where
the abaxial inner stamen primordia would be expected to appear, in antepetalous sites
(Fig. 2.147). Following this stage, at the time that all the outer stamen primordia are
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Figures 2.143-2.154. Organogeny and mid-stage floral development in Caesalpinia
gilliesii. Abaxial side is at the base in all figures except Figs. 2. ISO, 2.153, 2.154.
where it is at top, and Fig. 2.145, where it is labelled with an asterisk. Bars = 50 pm in
Figs. 2.143-2.153 and 100 pm in Fig. 2.154. 2.143. Young flower with three sepal
primordia and four petal primordia, including the two lateral petal primordia (at
arrows), initiated but no adaxial petal primordium. 2.144. Flower primordium with all
five sepal primordia (the two adaxial sepals appearing as low, broad ridges) and all five
petal primordia initiated. 2.145. Side view of flower primordium at same stage as in
Fig. 2.144, showing abaxial and lateral sepal primordia larger than adaxial ones. The
petal primordia are barely visible. 2.146. Polar view of flower with all five sepal
primordia (abaxial one removed) and five petal primordia. The first outer stamen
primordium has been initiated (at arrow). 2.147. Oblique side view of flower with the
median abaxial and two lateral outer stamen primordia initiated (latter at arrows).
2.148. Oblique side view of flower with at least four of the five outer stamen primordia
initiated. The fourth has formed adaxially (at arrow). The first two inner stamen
primordia have been initiated (at arrowheads). The carpel mound is being initiated.
2.149. Polar view of flower in which all organs have been initiated. 2.150. Lateral
adaxial view of flower with all organs present, showing petal and stamen primordia
remain minimal in size. Ad = adaxial side. 2.151. Polar view of slightly later stage
flower showing that both stamen whorls have undergone realignment as one whorl.
2.152. Mid-stage flower showing formation of carpel cleft on adaxial side of carpel and
showing a gap between the carpel and the adaxial inner stamen. 2.153. Lateral adaxial
view of mid-stage flower with part of one adaxial sepal and three adaxial stamens
removed, to show relative size and position o f organs on receptacle. Note development
of carpel cleft. Carpel height is approximately 150 pm. 2.154. Adaxial side view of
mid-stage bud showing cucullate adaxial sepal covering other organs. S, sepal; P, petal;
A, outer stamen; a, inner stamen; C, carpel.
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clearly visible, the abaxial inner stamen primordia are well defined and clearly distinct
from the petal primordia (Fig. 2.148).
In Fig. 2.149, all the organ primordia are present but all are quite small
compared to this stage in most other species shown, in which the sepals and petals
overlap the other organs. As seen in side view, (Fig. 2.150) the flower primordium of
C. gilliesii is somewhat dome-shaped at this stage as a result of the carpel being higher
than any other organs, and both stamen whorls are visible. As the receptacle and
organs expand, all ten stamen primordia appear as a single whorl spatially (Fig. 2.151).
The dome shape o f the receptacle persists at least until the carpel cleft has formed (Fig.
2.153, at a carpel height of 150 (im), but is eventually lost. In a slightly later-stage bud
the abaxial sepal is cucullate (Fig. 2.154). During mid-development the petals remain
small relative to the stamens and carpel, at a height of 800 (am, (Fig. 2.155), compared
to mid-stage flowers in other species shown.
In late-stage flowers, the cucullate abaxial sepal has fimbriate margins and is
covered abaxially with a mixture of short, straight hairs and stalked glandular hairs
(Fig. 2.160). A feature of the anthers of C. gilliesii is unique among the species of
Caesalpinia sensu lato examined. The outer surface of the anther is smooth (Fig.
2.156, shown in mid-stage bud) in C. gilliesii, although all other species of Caesalpinia
sensu lato examined had a median groove on the outer or abaxial surface of the anthers,
as shown for C. kauaiense.
The carpel mound is first apparent during outer stamen initiation (Fig. 2.146).
It remains a low dome until after all the other organs have been initiated and have
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Figures 2.155-2.160. Mid- and late-stage floral development in Caesalpinia gilliesii.
Bars = 100 |im in Figs. 2.155-2.157, 2.159 and 500 nm in Figs. 2.158, 2.160. 2.155.
Lateral view of late-stage flower with all sepals removed showing relative size of other
organs. Carpel height is approximately 800 tun. Ad = adaxial side. 2.156. Outer surface
of mid-stage anther showing lack of median groove. 2.157. Side view of mid-stage
stigma showing terminal flattening. 2.158. Lateral abaxial view of later stage stigma
showing protrusion o f stigma abaxially. 2.159. Mature shallowly crateriform stigma
with marginal ring o f papillae and with pollen grain in it. 2.160. Inner surface of median
abaxial sepal showing cucullate shape and stalked glands on surface.
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started to expand, when it becomes bilaterally symmetrical (Fig. 2.151). The carpel
cleft forms adaxially facing the median petal (Fig. 2.152). At this stage there is an
unusually large space between the carpel and the other organs on the adaxial side of the
receptacle. The carpel heightens (Figs. 2.153, and 2.155). The carpel margins appear
to fuse before the ovules have been initiated (Fig. 2.156). The stigmatic region starts as
a terminal flattening but with an extension towards the abaxial side of the flower (Figs.
2.156 and 2.157). As the developing stigma expands, this extension becomes more
pronounced and the style appears to bend slightly towards the abaxial side of the flower
(Fig. 2.158). The carpel cleft is completely fused through the level of the developing
stigma at this stage. At maturity (Fig. 2.159) the stigma is a shallowly cup-shaped
crateriform stigma with a marginal ring of short papillae..
Hofftnannseggia and Caesalpinia infrageneric group HofTmannseggia
(Figs. 2.161-2.187)
Organography — Britton and Rose (1930) described three genera that are now
synonymous with Hoffmannseggia Cavan.; Larrea Cav., Moparia Britton & Rose, and
Schrammia Britton & Rose (Isely, 1975). The genus Hoffmannseggia is currently
defined by being herbaceous or nearly herbaceous in growth, often with a woody
rootstock (Isely, 1975). When Britton and Rose (1930) described the genus Larrea (a
synonym for Hoffhtatmseggia) they included many species which have since been
placed in Caesalpinia primarily based on fruit morphology (Isely, 1975). The
representatives studied here, Caesalpinia intricata and Hoffmannseggia drepanocarpa,
were both included in Larrea by Britton and Rose (1930); Lewis (pers. comm.)

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout perm ission.

82

currently considers Caesalpinia intricata to be in the Hoffmannseggia infrageneric
group of Caesalpinia. For that reason and because the two species appeared very
similar in floral development and mature floral morphology I have included their
descriptions together.
Hoffmannseggia drepanocarpa and C. intricata share many mature floral
features, including a single senescence scar on the pedicel (at the base), lack of a
cucullate abaxial sepal, presence o f glandular hairs on the sepals, petals, and stamen
filaments, swollen stamen filament bases, and a shallow, circular (not laterally flattened)
hypanthium. The floral features that they share with the species of Caesalpinia
described previously include an imbricate calyx, five clawed petals, and two
fenestrations at the base of the adaxial stamen filaments. The early floral development
will be illustrated primarily for H. drepanocarpa, since no differences were found
between the two species in this series of early events.
Inflorescence and flower development — The inflorescence of H. drepanocarpa
is racemose (Figs. 2.161 and 2.162) with no bracteoles formed. Organ initiation is
unidirectional for all whorls but there is also overlap in initiation between all the organ
whorls. The first sepal primordium is initiated in the median abaxial position (Fig.
2.163). Next, the two lateral sepal primordia arise (Fig. 2.164). At this stage the last
two adaxial sepal primordia are clearly not present adaxially (Fig. 2.165), but the first
two petal primordia and the first three outer stamen primordia are present, showing
overlap between the sepal, petal and outer stamen whorls. In Fig. 2.166 all the sepal
primordia have been initiated, four of the petal primordia are clearly present, the first
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Figures 2.161-2.173. Organogenesis in Hoffmannseggia drepanocarpa and
Caesalpinia intricata. The abaxial side is at the base in Figs. 2.163-2.166,2.172-2.173;
at top in Figs. 2.167, 2.169-2.170; and is labelled with an asterisk in Fig. 2.168. Bars =
50 pm. 2.161-2.170. H. drepanocarpa. 2.161,2.162. Inflorescence tips at two
magnifications, with apex removed in Fig. 2.162 and subtending bracts removed in both
to expose axillary flower primordia. No organs are initiated yet on the uppermost
flower primordia. No bracteoles are initiated (the encircling subtending bracts, when
not completely removed, sometimes look like bracteoles). 2.163. Polar view of floral
apex with first three sepal primordia initiated. The first sepal primordium is initiated in
a median abaxial position. 2.164. Flower with first three sepal primordia initiated, the
first two petal primordia (at arrows) have initiated on abaxial side, and the first three
outer stamen primordia have initiated abaxially and laterally (at arrowheads). Overlap
of the three outer whorls is evident. Adaxial sepal primordia have not been initiated.
There is a knob on the adaxial side probably formed by appression from overlapping
bracts, but it is not a sepal and is not in a position where a sepal will later initiate. Part
o f the abaxial sepal has been removed. 2.165. Flower primordium showing continued
overlap in organ whorl initiation. The first three sepal primordia, first two petal
primordia, and first three outer stamen primordia have been initiated, but no organs
have been initiated on the adaxial side of the flower. 2.166. Flower showing initiation
o f the first two inner stamen primordia (at arrowheads) and the carpel mound. The last
two sepal primordia have initiated adaxially, so that all five sepals are present. 2.167.
Oblique adaxial view of flower showing compressed nature of organs as they are
initiated on the adaxial side. The two adaxial sepal primordia (one visible at left), the
median adaxial petal primordium (at arrow), and the two adaxial outer stamen
primordia have been initiated. 2.168. Lateral side view of flower with all organs,
including the adaxial inner stamen primordia, initiated. The carpel (height is
approximately 80 pm) is higher than the other organs, and the petal primordia remain
small relative to the stamen primordia. The lateral and adaxial sepals do not cover the
floral apex. The carpel cleft is forming adaxially. 2.169. Lateral adaxial view of mid
stage flower in axil of subtending bract with gland at tip of bract, and adaxial carpel
cleft. The abaxial sepal is not cucullate and the sepals do not yet completely cover the
other organs. Carpel height is approximately 116 pm. 2.170. Oblique adaxial view of
mid-stage flower showing open carpel cleft, but no ovules are visible yet inside cleft.
Carpel height is approximately 200 pm. 2.171-2.173. C. intricata. 2.171. Inflorescence
tip with bracts removed to expose subtended flower primordia. 2.172. Flower
primordium with first three sepal primordia initiated. Part of the median abaxial sepal
has been removed. 2.173. Flower with all five sepal primordia (two removed), five
petal primordia, five outer stamen primordia, and two inner stamen primordia.
Unidirectional initiation is evident in initiation of inner stamens (at arrowheads). All
petal and stamen primordia remain small during organogeny, and overlapping initiation
occurs. S, sepal; P, petal; A, outer stamen; a, inner stamen; C, carpel.
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three outer stamen primordia are visible, and the two abaxial inner stamen primordia
have been initiated. This stage clearly shows the overlap in initiation between the petal,
outer stamen and inner stamen whorls. Even at the stage where most of the organs
have been initiated, the organs on the adaxial side of the flower primordium are small
and flattened compared to those on the abaxial side (Fig. 2.167), possibly due to
compression in the inflorescence. As in C. gilliesii, at the stage just after all the organs
have been initiated (early mid-stage), the flower primordium is somewhat dome-shaped
(Fig. 2.168) as seen in side view, the result of the carpel (at 80 pm tall) being higher
than any other organ.
The inflorescence of C. intricata (Fig. 2.171) is quite similar to that of H.
drepanocarpa in being racemose, glabrous, and relatively compact. Early floral
development is also identical to that of 77. drepanocarpa, with unidirectional order of
initiation in sepal (Fig. 2.172), petal, outer stamen, and inner stamen whorls. In
addition C. intricata resembles H. drepanocarpa in that there is overlap between the
organ whorls and all organs remain small (Fig. 2.173) until organogeny is complete.
Another similarity between H. drepanocarpa and C. gilliesii is that the sepals
do not completely overlap the other organs (Fig. 2.169) until after the organ
differentiation has started. Also, in Fig. 2.169 (at arrow), there is a gland on the tip of
the bract subtending the developing flower. During mid-development the sepals of H.
drepanocarpa become covered in long straight hairs and glandular hairs (Fig. 2.174).
By mid-stage the sepals of C. intricata also have glandular hairs on them but the hairs
appear to be concentrated at the sepal margins (Fig. 2.183).
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Figures 2.174-2.181. Mid- and late floral development in Hoffmannseggia
drepanocarpa. Bars = 100 pm in Figs. 2.174-2.177; 500 pm in Figs. 2.178-2.179; and
1 mm in Figs. 2.180-2.181. 2.174. Mid-stage bud with no organs removed, showing
stalked glands and long hairs on outer surface of sepals. 2.175. Mid-stage stigma.
2.176. Later stage stigma from side, showing marginal ring of growth. 2.177. Side view
o f mature crateriform stigma showing ring of papillae around pore. 2.178. Base of
unfused adaxial stamen filaments showing protrusion and abundant conical hairs on
filaments. 2.179. Lateral view of adaxial side of flower with sepals and petals removed,
to expose fenestrations at base of adaxial stamen filaments. 2.180. Lateral view of
flower with sepals removed to show elongated petal claws and glands on outer surface
o f all petals. 2.181. Inner surface of adaxial petal showing inrolled claw bearing hairs.

R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout perm ission.

87

Figures 2.174-2.181.

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.

88

The carpel mound of H. drepanocarpa is first visible after inner stamen
initiation has begun (Fig. 2.166). The carpel becomes flattened adaxially (Fig. 2.168).
The carpel cleft arises on the adaxial side of the carpel (at a height of 80 pm) and
appears to be tapered adaxially, with a low platform on the adaxial side (Fig. 2.168 ).
A cleft is present at this stage. The carpel cleft is still open in Fig. 2.170, at a height of
200 pm, before ovules are visible. The carpel cleft appears to fuse before the ovules
are initiated. The stigma develops similarly to those o f many species of Caesalpinia,
starting with a flattening of the carpel tip (Fig. 2.175) and proceeding with marginal
ring growth and formation of a marginal fringe of papillae (Fig. 2.176) to produce a
crateriform stigma at maturity (Fig. 2.177). Stigma development in C. intricata is
identical, starting with a terminal flattening of the distal end of the carpel, at a height of
475 pm (Fig. 2.182 and 2.184), and proceeding with a marginal ring of growth (Fig.
2.186). Open flowers of C. intricata were not available so a mature stigma was not
observed, but in the oldest stage of floral development observed, the ovary, stipe, style,
and stigma are differentiated (Fig. 2.185) and the stigma already appears somewhat
crateriform (Fig. 2.186).
All the petals o f H. drepanocarpa become clawed during mid-development
(Fig. 2.180). At maturity the claw of the adaxial petal is inrolled adaxially and nearly
tubular (Fig. 2.181). There is also a patch of short straight hairs in the claw on the
adaxial surface of the petal (at arrow, Fig. 2.181). The abaxial (or outer) surface of all
the petals in H. drepanocarpa is covered with stalked glandular hairs (Fig. 2.180). The
abaxial surface of all the petals in C. intricata are similarly covered with glandular hairs
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Figures 2.182-2.187. Mid-development of flower in Caesalpinia intricata. Bars = 100
|im. 2.182. Lateral adaxial view of mid-stage flower with sepals and petals removed to
expose developing petals, stamens, and carpel. Carpel height is approximately 47S jun.
2.183. Lateral view of mid-stage flower with no organs removed showing glands on
sepal margins. The abaxial sepal is largest but not cucullate. 2.184. Lateral view of mid
stage flower with sepals, petals, and part of hypanthium removed to expose stamens,
carpel, and flattened terminus of stigma. 2.185. Side view of developing carpel showing
formation of ovary, stipe, style, crateriform stigma, and elongate ridge on abaxial side
of ovary. 2.186. Mid-stage stigma showing marginal ring of growth and formation of
papillae on margin. 2.187. Lateral petal at mid-stage showing formation of glands on
abaxial side o f petal blade.
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(Fig. 2.187, seen on mid-stage lateral petal). A mixture of short straight hairs and
glandular hairs develop on the anther filaments of H. drepanocarpa (Figs. 2.178 and
2.179) and C. intricata (not shown). The following feature is found in both species but
is illustrated with H. drepanocarpa. The adaxial stamen filaments have a dense mixture
of conical trichomes and glands at their base that extend into the petal claw and
occlude it (Fig. 2.178). When these hairs were removed they were found to cover a
slight outgrowth of filament tissue (not shown). Below this tuft of hairs on the
androecium there are two fenestrations leading into the hypanthium (Fig. 2.179).
Cenostigma (Figs. 2.188-2.203)
Organography — The species in this genus are excluded from Caesalpinia
because they have once-pinnate compound leaves, although some other species with
pinnate leaves are retained in Caesalpinia (Polhill and Vidal, 1981). Otherwise,
Cenostigma Tul. is quite similar to Caesalpinia morphologically. Cenostigma
gardneriamim is the representative studied in this genus. A flower of C. gardneriamim
is shown in Fig. 2.2. The floral morphology of C. gardnerianum is similar to that of
species of Caesalpinia, in that it has two senescence scars on the pedicel, an unequal
imbricate calyx, and five clawed petals. The distinctive floral features of C.
gardnericnmm are that the abaxial sepal is not cucullate, the sepal margins have comb
like projections (as in Caesalpinia violacea and C. velutina), and stalked glands are
present on the carpel.
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Inflorescence and flower development — The inflorescence of C. gardneriamim
is racemose (Fig. 2.188). The floral apex produces bracteoles (Figs. 2.189-2.191, at
arrows), but the bracteoles do not expand and are not visible at maturity.
The first sepal primordium is initiated in the median abaxial position (Fig.
2.190), and subsequent sepal initiation is unidirectional, with the two lateral sepal
primordia arising next (at arrows, Fig. 2.191), and the adaxial pair last (one at upper
left). Petal initiation starts on the abaxial side (Figs. 2.192 and 2.193), after all the
sepal primordia have been initiated, and is also unidirectional. The two abaxial petal
primordia are initiated first and then the three others arise simultaneously: two lateral
and one median adaxial petal primordia (Fig. 2.194). Initiation of the outer stamen
whorl is unidirectional with the first outer stamen primordium (at arrow) arising
abaxially opposite the median sepal (Fig. 2.194) after all of the petals are present. In
Fig. 2.195, all of the petal and outer stamen primordia have been initiated but no inner
stamen primordia are visible. The first two inner stamen primordia (at arrows) arise
opposite the abaxial petal primordia (Fig. 2.196), and subsequent organs of the inner
stamen whorl are initiated unidirectionally. The two lateral and one median inner
stamen primordia arise after the first two. The five inner stamens are gradate in size
initially (Fig. 2.197), indicating the order of initiation.
The carpel mound is first visible at the time that the first outer stamen has been
initiated (Fig. 2.194) and is pronounced relative to the other organs by the time all the
outer stamens have been initiated but before any inner stamens are visible (Fig. 2.195,
carpel height of approximately 75 pm). The carpel cleft forms on the adaxial side of
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Figures 2.188-2.197. Organogeny in Cenostigma gardnerianum. Abaxial side is at
base in Figs. 2.189-2.194, 2.196-2.197; at top in Fig. 2.195. One sepal removed in
Figs. 2.191-2.193; all sepals removed in Figs. 2.194-2.197. Bars = 100 pm in Figs.
2.188. 2.196-2.197; and 50 pm in Figs. 2.189-2.195.2.188. Polar view of inflorescence
tip with subtending bracts removed to expose flower primordia. 2.189. Polar view of
floral apex showing bracteole initiation. 2.190. Floral apex with the first sepal
primordium initiated in a median abaxial position. Two bracteole primordia are at sides.
2.191. Oblique view of floral apex showing two lateral bracteoles, and initiation o f at
least two lateral sepal primordia. There is a very low mound (at arrowhead) on the
adaxial side which could be one of the adaxial sepal primordia being initiated. 2.192.
Polar view of flower with all five sepal primordia present (abaxial one removed). 2.193.
Oblique view of same flower as in 2.186 showing that the first two petal primordia (at
arrows) have been initiated. 2.194. Oblique view o f flower with all five petal primordia
present, and the first outer stamen primordium (at arrow) and the carpel being initiated.
2.195. Rower with all five petals and all five outer stamen primordia present but no
inner stamens initiated. The carpel mound is well defined and approximately 75 pm
high. * = abaxial side. Ad = adaxial side of flower. 2.196. Flower showing initiation of
the first two inner stamen primordia opposite the petals. 2.197. Rower showing all five
of the inner stamen primordia initiated, in unidirectional order. Carpel height is
approximately 150 pm. B, bracteole; S, sepal; P, petal; A, outer stamen; a, inner
stamen; C, carpel.
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Figures 2.198-2.203. Mid- and late stage floral development in Cenostigma
gardnerianum. Abaxial side is at base in all figures except Fig. 2.198, where it is
labelled with an asterisk. Bars = 100 pm in Figs. 2.198-2.201,2.203 and 1 mm in Fig.
2.202.2.198. Lateral view of mid-stage flower showing undifferentiated organs
enlarging, and formation of the carpel cleft adaxially. Carpel height is approximately
200 pm. Ad = adaxial side of flower. 2.199. Lateral adaxial view of mid-stage flower
with some organs removed. The petals are enlarged over the carpel (approximately 350
pm high); the outer stamen primordia are starting to form filaments and anthers. The
inner stamen primordia are undifferentiated. The carpel margins have become
appressed. 2.200. Lateral adaxial view of later stage flower with organs removed to
expose the stamens, carpel, and hypanthium. Long hairs are visible on the anthers,
filaments have formed, and glandular hairs are developing on the carpel. Carpel height
is approximately 890 pm. Note the broad, concave hypanthium. 2.201. Mid-stage
stigma showing adaxial suture and marginal ring of growth. 2.202. Lateral view of latestage flower with stamens and carpel differentiated. Parts removed include sepals,
petals, some stamens, and part of hypanthium wall. 2.203. Late-stage crateriform
stigma showing ring of papillae around pore, and two types of hairs (glandular and
straight) on style. P, petal; A, outer stamen; a, inner stamen.
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the carpel in a median sagittal position when the carpel is approximately 200-350 pm
tall (Figs. 2.198 and 2.199). The carpel cleft does not remain open during ovule
initiation; rather the margins are appressed (Fig. 2.199). The stigma of C.
gardnericamm develops similarly to that of many species of Caesalpinia. The
developing stigma has a marginal ring of growth (Fig. 2.200, carpel height of 890 pm
and 2.201) which eventually forms a crateriform stigma with a marginal fringe of
papillae (Fig. 2.203). The carpel is covered with a mixture of short straight hairs and
glandular hairs (Fig. 2.202). The only unusual feature observed in the flowers of C.
gardnericamm was the development of long hairs on the outer surface of the anthers
(Fig. 2.200), together with shorter ones on the filament bases. During mid
development there is lateral expansion of the receptacle (Figs. 2.199 and 2.200) to form
a shallow, circular hypanthium (part of hypanthial wall is cut away in Fig. 1.202).
PELTOPHQRUM GROUP (Figs. 2.204-2.325)
The Peltophorum group was originally defined by Polhill and Vidal (1981) as
including those taxa with introrse anthers and features associated with ant attraction.
With the new revision of the tribe by Polhill (1994), in which he moved three genera
from the Caesalpinia group to the Peltophorum group, there is no modified definition
o f the group. Of the 16 genera currently included in the Peltophorum group, five are
represented in this study: Peltophorum (Vogel) Benth., Campsiandra Benth., Delonix
Rafin., Lemuropisum H. Perrier, and Parkinsonia L. (Cercidium Tul.). Of the three
genera moved by Polhill, two are included in this study: Parkinsonia (iCercidium) and
Lemuropisum. The third genus that was moved, Conzattia, is a genus closely allied
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with Parkinsonia (Polhill and Vidal, 1981). The members of the Peltophorum group
are generally trees or shrubs (Parkinsonia) and show “remarkable diversity in their
flowers, fruits, seeds, and physical defenses” (Polhill and Vidal, 1981). Their
distribution is centered in Amazonia but they are found throughout the tropics of both
the New and Old Worlds and in the Southwestern United States (Parkinsonia).
The flowers in this group are pentamerous and regular to zygomorphic. The
sepals might be imbricate or valvate, but are generally equal and free to the
hypanthium-rim. The abaxial sepal is never cucullate. The five petals alternate with the
sepals and are unfused and often clawed. The adaxial petal is sometimes modified
relative to the lateral petals. There are two alternating whorls of five stamens each in
all members of this group, except for Campsiandra with 15-20 stamens. Little or no
fusion occurs in the androecium. The anthers are dorsifixed, with introrse anther slits
that dehisce the full length. Most species have a hypanthium formed by receptacular
expansion below the sepal, petals, and stamens. In some species the hypanthium is
laterally compressed or elliptical in shape because of differential growth along the
sagittal plane. The single carpel can be sessile or stipitate, with one to many ovules.
Some of the species in this group also have the two senescence scars on the pedicel (or
jointed pedicel), like that described for the Caesalpinia group. A flower of Delonix
regia is shown in Fig. 2.4.
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Genus Peltophorum (Figs. 2.204-2.220)
Organography
The genus Peltophorum is defined by having a peltate stigma. Limited material
of two species of Peltophorum, P. adnatum and P. pterocarpum, were available for
this study. Early floral developmental material was available for P. adnatum but no
mature flowers. For P. pterocarpum, young material was very limited, but late-stage
buds and flowers were available. Most of the early development illustrated is from P.
adnatum and the mature features are illustrated from P. pterocarpum. Besides having
a peltate stigma, the mature flowers of P.pterocarpum have two senescence scars on
the pedicel, an imbricate calyx, five clawed petals, ascending cochleate petal
aestivation, and a single fenestration at the base of the adaxial stamen filaments.
Inflorescence development
The inflorescences of both species are indeterminate racemes (P. adnatum, Fig.
2.204). In P. adnatum, small shoulders of tissue are visible on the sides of the early
floral apices (Figs. 2.205 and 2.206, at arrows). These are presumably bracteole
primordia, but they do not expand beyond this stage and instead quickly become
covered in hairs.
Flower development
The first sepal primordium is initiated in a non-median position on the abaxial
side of the floral apex (Fig. 2.206), and subsequent sepal initiation is helical. The
second sepal primordium arises on the adaxial side (Fig. 2.206) and appears median
(Fig. 2.207 and 2.208). The third sepal primordium is initiated next to the first sepal
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Figures 2.204-2.210. Organogeny in species o f Peltophorum. Abaxial side is at base in
Figs. 2.205-2.210. Bars = 100 pm in Fig. 2.204; 50 pm in Figs. 2.205-2.210. 2.2042.207. P. adnatum. 2.204. Inflorescence tip with subtending bracts removed to expose
axillary flower primordia. 2.205. Floral apex with bracteole primordia at sides. The
bracteole on the right is slightly older and covered with hairs. 2.206. Polar view of
floral apex showing the first sepal primordium initiated in a non-median position on the
abaxial side. Sagittal plane is indicated by vertical lines. Paired bracteoles are at arrows.
2.207. Floral apex with three sepal primordia initiated in a helical pattern. Part o f the
first sepal primordium has been removed. The sepal primordia are numbered in order of
initiation. 2.208. P. pterocarpum, young flower showing pattern of sepal aestivation,
which reflects the helical order of sepal initiation. 2.209-2.210. P. adnatum. 2.209.
Flower showing initiation of the first petal primordium (at arrow). All sepals have been
removed. Sagittal plane is indicated by vertical lines. 2.210. Flower with all five petal
primordia initiated, but no outer stamen primordia initiated yet. B, bracteole; S, sepal.
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primordium on the abaxial side (Fig. 2.207). The fourth sepal primordium is then
initiated laterally between the first and second sepal primordia, and the last sepal
primordium is initiated laterally between the second and third sepal primordia (the last
two are shown at a later stage for P. pterocarpum in Fig. 2.208). The helical spiral can
be either left- or right-handed. Both types of spirals appear to occur equally often
(proportion = 50:50). The pattern of initiation is reflected in the sepal aestivation
pattern, shown for P. pterocarpum (Fig. 2.208). Although the first sepal primordium is
initiated in a non-median position and does not immediately expand to fill the median
position, by the stage where all the petals are present, the first sepal later appears to
occupy a median abaxial position (Figs. 2.204, lowermost flower). Petal initiation for
P. adnatum starts on the abaxial side (Fig. 2.209) and all petal primordia appear to
initiate closely in time (Fig. 2.210). The pattern of petal initiation is not certain from
the material observed. Outer stamen initiation in P. adnatum starts on the abaxial side
(Fig. 2.211) and is unidirectional. The outer stamen primordia enlarge early (Fig.
2.213) and obscure initiation of the inner stamen primordia, so the pattern of inner
stamen initiation was not observed.
Petal aestivation is ascending cochleate (Fig. 2.214), typical of many
Caesalpinioideae. All the petals become clawed during mid-development in both
species. In P. adnatum the adaxial (inner) surface of the petals is hairy and in P.
pterocarpum both the adaxial and abaxial surfaces of the petals are hairy.
In P. adnatum the carpel mound is first visible during outer stamen initiation
(Fig. 2.211). The carpel cleft forms on the adaxial side next to the adaxial petal (Figs.
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Figures 2.211-2.220. Mid- and late stage floral development in species of
Peltophorum. Abaxial side at base in Figs. 2.211-2.214, and is labelled with an asterisk
in Fig. 2.220. Bars = 100 pm in Figs. 2.211-2.217; 500 pm in Figs. 2.218-2.220.
2.211-2.216. P. adnatum. 2.211. Polar view of flower with older petal primordia
enlarged, and first three outer abaxial stamen primordia (at arrows) being initiated as
well as the carpel. The median sagittal plane is indicated by lines. 2.212. Mid-stage
flower showing enlarged petals, all five outer stamen primordia, and formation of the
carpel cleft on the adaxial side of the enlarged carpel. Carpel height is approximately
125 pm. The sepals and one adaxial petal have been removed. The median sagittal
plane is indicated by lines. 2.213. Mid-stage flower with sepals, petals, and the abaxial
outer stamen removed. The carpel margins are expanding. The median sagittal plane is
indicated by lines. 2.214. Polar view o f mid-stage flower with sepals removed showing
ascending cochieate pattern of petal aestivation. 2.215. Lateral view o f mid-stage
flower. The carpel (approximately 420 pm high) shows lateral flattening as the stigma
develops. The stamens have two lateral and one median groove adaxially, and the
receptacle is broadening to form the hypanthium. 2.216. Lateral view o f a developing
stigma showing expansion of summit. 2.217-2.220. P. pterocarpum. 2.217. Lateral
adaxial view of an exposed carpel showing terminal flattening of stigmatic region.
2.218. Lateral view of later stage carpel showing tomentum and development of peltate
stigma atop recurved style. 2.219. Side view of mature peltate stigma. 2.220. Polar
view of receptacle of late-stage flower with all organs removed, to show bilateral
symmetry of hypanthium. P, petal; A, outer stamen; a, inner stamen; C, carpel.
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2.212 and 2.213) when the carpel is 125 jim tall. The carpel margins become
appressed before ovule initiation (Fig. 2.215, carpel height approximately 420 pm), and
hair formation begins over the abaxial surfaces. As the carpel expands it becomes
laterally flattened at the distal end (Fig. 2.215), the first sign of the developing stigma.
This region continues to expand (Fig. 2.216). Since mature flowers of this species
were not available, a mature stigma of P. adnatum was not observed, but it is reported
to have a peltate stigma. Stigma development in P. pterocarpum differs slightly in that
the terminus flattens (Fig. 2.217), instead of remaining lateral. As the stigma expands
(Fig. 2.218) the style bends adaxially. By anthesis the stigma is peltate (Fig. 2.219).
Differential growth in the receptacle is greater in the sagittal plane than in the
frontal plane, so the hypanthium appears elliptical in polar view (Fig. 2.220), like that
found in some species of Caesalpinia (e.g. Caesalpinia cassioides and C. kauaiense).
In addition the differential growth in the receptacle is greater on the adaxial side,
shifting the carpel attachment to the abaxial side.
Genus Campsiandra (Figs. 2.221-2.248)
Organography
Campsiandra is distinguished from the other genera in the Peltophorum group
by having 15-25 stamens, as opposed to ten stamens. Campsiandra comosa was
examined as a representative of the genus. This genus is not described by Polhill and
Vidal (1981) as unisexual or polygamous but all the late-stage and mature flowers in
collection had aborted carpels, indicating that they are functionally staminate flowers.
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Because of this some carpel development will be described but information on carpel
development in this species is incomplete.
Inflorescence development
The inflorescence of C. comosa is an indeterminate raceme with helical
arrangement of bracts and flowers (Fig. 2.221). Long straight hairs can be found on
the bracts and the surfaces between flower primordia, obscuring the smaller primordia.
There is no evidence that bracteoles are initiated but there is a patch of hairs in each of
the positions where bracteoles would be expected to be found (Fig. 2.222).
Flower development
The first sepal primordium is initiated in a non-median position on the abaxial
side of the flower primordium (Fig. 2.223) and does not expand laterally to shift its
position. The second sepal primordium is initiated next to the first, also in a non
median abaxial position (Fig. 2.224). Then the third sepal primordium appears in the
median adaxial position (Fig. 2.225). The two lateral sepal primordia are the last to be
initiated (Fig. 2.226). Petal initiation is unidirectional with the abaxial petal
primordium initiated first (Fig. 2.227), followed by the two lateral petal primordia (Fig.
2.228; one slightly larger than the other) and then the two adaxial petal primordia (Fig.
2.229). The petals remain similar in size throughout mid- and late development. Petal
aestivation is ascending cochleate (Fig. 2.237). None of the petals becomes clawed at
the base, but they do form small abaxially-directed auricles with hairs at the base of
each blade (Fig. 2.246). There is a fringe of hairs all along the margin of each of the
petals late in development (Fig. 2.244). During mid-development the sepals stop
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expanding, while the other organs continue to grow in size. The other organs then
expand beyond the sepals, causing the petals to take over the protective function in the
bud (Fig. 2.244).
Campsiandra comosa is unusual among the taxa observed from the tribe
Caesalpinieae in having fifteen stamens. The large number of stamens is the result of a
doubling of stamens in the inner antepetalous stamen whorl. Initiation of the five outer
antesepalous stamen primordia is unidirectional starting from the abaxial to adaxial
side. The two abaxial outer stamen primordia are the first ones visible (Fig. 2.230).
Then the two lateral outer stamen primordia arise (Fig. 2.231) and lastly the adaxial
outer stamen is initiated (at arrow, Fig. 2.232). Note that there is no clear bilateral
symmetry in the Campsiandra flower at the stage shown in Fig. 2.232; no vertical line
can be drawn in which the two halves are mirror images. The order of initiation of the
whorl of ten inner stamens appears to involve a unique innovation, common primordia
that each produce a pair of stamens. In the earliest stage of inner stamen initiation that
was observed (Fig. 2.235, carpel height of 95 |im) there are two inner stamen
primordia visible opposite the median abaxial petal primordium and each of the two
lateral petal primordia (Fig. 2.235). In another flower that appears to be at about the
same stage there are two mounds opposite each of the abaxial and lateral petal
primordia and a single elongate mound (Fig. 2.234) opposite each of the two adaxial
petals (Fig. 2.233, carpel height of approximately 95 (im). The data suggest that the
two inner stamens opposite each petal arise from a common primordium.
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Figures 2.221-2.227. Organogeny in Campsiandra comosa. Abaxial side is at base in
Figs. 2.222-2.227. Sagittal median plane is indicated by vertical lines in Figs. 2.2222.225. Bars = 100 pm in Fig. 2.221; 50 pm in Figs. 2.222-2.227. 2.221. Inflorescence
tip with subtending bracts removed to expose axillary flower primordia. 2.222. Polar
view of floral apex before any organs are initiated. 2.223. Floral apex with the first
sepal primordium initiated in a non-median abaxial position. The sepal has been
removed. 2.224. Floral apex with the first two sepal primordia initiated. The second
sepal primordium appears as a ridge on the left side of the apex. 2.225. Floral apex with
the first two sepal primordia removed to expose the third sepal primordium being
initiated in a median adaxial position. 2.226. Young flower with all five sepals present,
showing bidirectional sepal order, the last two sepal primordia having been initiated in
lateral positions. 2.227. Flower with first petal primordium (at arrow) being initiated in
a median abaxial position. All sepals have been removed.
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Figures 2.228-2.233. Organogeny in Campsiandra comosa, continued. Abaxial side is
at base in all figures. Sepals have been removed in all figures. Bars = SO pm. 2.228.
Flower showing unidirectional initiation of petals (at arrows) starting on abaxial side.
2.229. Flower with all five petal primordia initiated. 2.230. Flower showing initiation of
the first two outer stamen primordia (at arrows) on the abaxial side. The carpel mound
is initiated. 2.231. Flower showing unidirectional initiation of the outer stamen whorl
with the two lateral outer stamen primordia (at arrows) initiated. 2.232. Floral apex
with all five outer stamens present. 2.233. Flower with the sepals and petals removed
to expose inner stamen initiation. Carpel height is approximately 9S pm. P, petal; A,
outer stamen; C, carpel.

R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout perm ission.

Figures 2.228-2.233.

R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout perm ission.

112

There was limited material of the stage which appeared to show a common
primordium. In addition, the material at this stage was difficult to dissect without
destroying the region where the inner stamens develop. The region where the inner
stamens develop was obscured by the petals, but when the petals were removed the
region where the inner stamens develop was often also removed or at least partly
removed. For these reasons the apparent common primordium was only observed in
only the one flower primordium shown. It is possible that the appearance of a common
primordium does not normally occur, since it was not possible to observe it in multiple
flower primordia. The presence of a common primordium for inner stamen initiation
should be confirmed by further dissections, once more material has been obtained.
The stamen primordia start out globular in shape (Fig. 2.236) and then become
more elongate (Fig. 2.238). The anthers begin differentiating from filaments (Fig.
2.239) during mid-development, but no median groove forms (Fig. 2.240) on the
abaxial anther surface. Lateral grooves are present in Fig. 2.243, showing that the
anther locules are differentiating. In mid-development the stamen filaments start
bending and coiling (Fig. 2.242). At this time hairs on the anthers become apparent
(Figs. 2.242 and 2.247). The hairs are long and straight. They appear to be
concentrated on the outer or abaxial surface and on the edges. Just prior to anthesis
the stamen filaments are coiled in a tight tangle (Fig. 2.245), taking up most of the
space inside the flower bud. The stamen filaments become straight at anthesis and are
long exserted.
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Figures 2.234-2.239. Inner stamen initiation and mid-stage floral development in
Campsiandra comosa. Abaxial side is at base in Figs. 2.234-2.238, and is labelled with
an asterisk in Fig. 2.239. Organs removed are; sepals in all, petals in all except Fig.
2.237. and adaxial outer stamen in Fig. 2.238. Bars = SO pm in Figs. 2.234-2.238; 100
pm in Fig. 2.239. 2.234. Initiation of inner stamens by a common primordium (at
arrowhead). 2.235. Flower with five outer stamen primordia and paired inner stamen
primordia (at arrows) opposite each of the three petals on the abaxial side of the
flower. Carpel height approximately 95 pm. 2.236. Later stage flower showing paired
inner stamen primordia opposite each of five petal primordia. 2.237. Mid-stage flower
showing enlarged petals in ascending cochleate pattern of petal aestivation. 2.238. Mid
stage flower showing the outer five stamen primordia, the inner ten stamen primordia,
and the carpel cleft forming adaxially. Carpel height is approximately 112 pm. 2.239.
Side view of mid-stage flower showing anthers and filaments formed; the stamens are
bending in towards the carpel (approximately 250 pm high). Ad = adaxial side of
flower. P, petal; A, outer stamen; a, inner stamen; C, carpel.
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Figures 2.240-2.248. Mid- and late-stage floral development in Campsiandra comosa.
The sepals and petals have been removed in Figs. 2.240-2.242, and 2.245. Bars = 100
pm in Figs. 2.240-2.241, 2.243, 2.247; 500 pm in Figs. 2.242,2.246; and 1 mm in
Figs. 2.244-2.245, 2.248. 2.240. Polar view of flower with sepals and petals removed
to show stamens in which hairs are forming on the anthers. Abaxial side is at base.
2.241. Lateral adaxial view of mid-stage flower with sepals, petals, and some stamens
removed. The stigma terminus is flattened, the carpel margins fused, and the anthers
are inclined inwards. The carpel height is approximately 360 pm. 2.242. Lateral view of
flower showing coiling of stamen filaments and hairs on outer surface of anthers. 2.243.
Mid-stage carpel (approximately 615 pm high) with part o f carpel wall removed to
show ovules being initiated. The stigma shows terminal flattening. 2.244. Older bud
showing that the sepals do not cover the petals in bud. 2.245. Older bud with the sepals
and four petals removed to show the coiling of the stamen filaments. 2.246. Petal base
showing auricle on petal. 2.247. Late stage anther showing hairs on abaxial side. 2.248.
Lateral view of hypanthium of mature flower with carpel attached to one side. All other
organs removed.
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The carpel primordium first appears as a convex mound during initiation of the
outer antesepalous stamen whorl (Fig. 2.230). The cleft forms in the median adaxial
position (Fig. 2.238), next to the adaxial outer stamen primodium, when the carpel is
about 112 pm. As the carpel heightens the margins extend (Fig. 2.239, carpel height of
250 pm) and become appressed (Fig. 2.241, carpel height o f360 pm) before ovules are
initiated within the locule (Fig. 2.243, carpel height of 615 pm). Also during mid
stages, the distal end of the carpel becomes terminally flattened (Fig. 2.243). In late
stage flowers there is a tubular hypanthium and the carpel is adnate to the hypanthial
wall (Fig. 2.248).
Genera Delonix and Lemuropisum (Figs. 2.249-2.291)
Organography
Delonix regia and Lemuropisum edule were the species studied as
representatives of these two genera. These two taxa are described together because
they share several mature floral features and were found to be very similar in floral
development. The most obvious feature that these two genera share is a valvate calyx
(as opposed to an imbricate calyx as found in the other members of the Peltophorum
group). In addition to a valvate calyx, the two species have five clawed petals. A
mature flower of D. regia is shown in Fig. 2.4. They are also both native to
Madagascar. The two species differ in that D. regia has two senescence scars on the
pedicel although L. edule has only one senescence scar at the base of the pedicel.
Although most stages of flower development were available for L. edule, open flowers
were not available for this study.
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Very little has been written about L edule, but D. regia has been studied more
extensively, largely because it is commonly cultivated in the tropics. Both Thompson
(1931) and Endress (1994) have described floral development in D. regia (misidentified
in Thompson, 1931 as Caesalpinia pulcherrima). Endress has also extensively studied
the mature floral form ofD. regia. Because Thompson did not have illustrations of its
floral development and Endress included only limited stages of its floral development
the information on floral development of D. regia from this study is worth presenting in
complete form.
Inflorescence and flower development in Lemuropisum
L. edule has an indeterminate racemose inflorescence with bracts of flower
primordia initiated helically (Fig. 2.249). There is no evidence that bracteoles are
initiated (Fig. 2.250). The bracts and sepals are massive and indurate, making the
inflorescence tightly packed and obscuring the primordia. Only limited stages of
organogeny of L. edule are shown because the thickness of the sepals at the time of
organogeny made it nearly impossible to dissect the buds without destroying or
damaging the floral apex.
In each flower, the first sepal primordium appears in a non-median position on
the abaxial side of the flower primordium (Fig. 2.250). The first sepal primordium then
appears to expand to fill the median abaxial position (Figs. 2.251 and 2.252). The
second sepal primordium arises next to the first sepal primordium in what will become
a lateral position (Fig. 2.251). Then the third sepal primordium arises laterally on the
other side of the first sepal primordium (Fig. 2.252) and is followed by the adaxial sepal
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Figures 2.249-2.255. Organogeny in Lemuropisum edule. Abaxial side is at base in
Figs. 2.250-2.255. All sepals removed in Figs. 2.253-2.255. Bars = 500 |im in Fig.
2.249; 50 nm in Figs. 2.250-2.255.2.249. Inflorescence tip with apex and subtending
bracts removed to expose flower primordia in bract axils. 2.250. Polar view of floral
apex with first sepal primordium initiated in a non-median position on the abaxial side.
2.251. Floral apex with first and second sepal primordia initiated. 2.252. Floral apex
with four sepal primordia initiated. The sepals are numbered in order of initiation. The
first sepal has been removed but the shape of its scar shows that it has expanded to fill
a median position on the abaxial side. 2.253. Floral apex with the first petal primordium
initiated (at arrow). The floral apex has five radiating ridges from appressed sepal
primordia (removed). 2.254. Flower showing the first two petal primordia (at arrows)
being initiated on the abaxial side of the floral apex, which shows five radiating ridges
from appressed sepals (removed). 2.255. Flower with all five petals, five outer stamens,
and the carpel mound initiated. There is considerable space on the receptacle between
the organs.
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primordium on the same side of the flower primordium as the third sepal primordium
(Fig. 2.252). The last sepal primordium is initiated in the other adaxial position (not
shown). The sepals are already massive and cover the floral apex before other organs
are initiated (Fig. 2.253). At this stage there are also five radiating ridges on the floral
apex, probably from appression of the massive sepals over it.
One petal primordium is visible abaxially (at arrow) in Fig. 2.253 and the two
abaxial petal primordia are initiated in Fig. 2.254 (at arrows). In the next stage
observed all five petal primordia are present and of approximately equal size (Fig.
2.255). The order of petal initiation appears to be unidirectional from the available
evidence. The adaxial petal primordium appears to be initiated in a median position
(Fig. 2.255) and still appears median until after the adaxial inner stamen primordium is
initiated (Fig. 2.260), but during mid-development the adaxial petal appears to be
shifted to a position slightly off the median (Fig. 2.261). All the petals become ovate in
shape with an acuminate tip (Fig. 2.261). Later in mid-development the petals all
become clawed (Fig. 2.267).
Outer stamen initiation was not observed. In Fig. 2.255, all the outer stamen
primordia are present. Initiation of the inner stamen whorl is unidirectional and starts
with the two abaxial inner stamen primordia (Figs. 2.256 and 2.257, at a slight angle).
The two lateral inner stamen primordia arise next (Fig. 2.258, at arrows) and the
adaxial inner stamen primordium arises last (Fig. 2.259). Unlike any other taxa
discussed previously, the adaxial inner stamen primordium does not arise in a median
position even though the adaxial petal primordium is median. The adaxial inner stamen
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Figures 2.256-2.261. Mid-stage floral development in Lemuropisum edule. Abaxial
side is at base in all figures. Organs removed include sepals in all, two petals each in
Figs. 2.259-2.260. Bars = 100 pm. 2.256. Polar view of flower with sepals removed to
expose the petal primordia and outer stamen primordia. They have expanded to fill
much of the space that was between them after they were initiated. 2.257. Oblique view
of flower showing initiation of the first two inner stamen primordia (at arrowheads).
2.258. Polar view of flower showing initiation of the third and fourth inner stamen
primordia (at arrowheads) laterally. 2.259. Flower showing eccentric initiation o f the
adaxial inner stamen primordium, completing organ initiation. The carpel cleft is
forming adaxially. Carpel height is approximately 150 pm. Two petals are removed and
one petal is pushed back. 2.260. Flower showing off-center position of adaxial inner
stamen. 2.261. Mid-stage flower showing the non-median position of the adaxial petal
at this stage. P, petal; A, outer stamen; a, inner stamen; C, carpel.
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primordium only fills half the space available to it opposite the median adaxial petal
(Fig. 2.260). The non-median position for the adaxial inner stamen primordium persists
through mid-stage (Fig. 2.262). Since open flowers were not available, I do not know
if this non-median position persists to maturity. At the stage that the anthers are
differentiating from the filament (Fig. 2.262), the stamens can be seen to tilt inwards
towards the carpel. Later in mid-development, the lateral and median grooves form on
the adaxial surface of the anthers (Fig. 2.263). Also during mid-development, the
stamen filaments become slightly coiled and a median groove forms on the abaxial
(outer) surface of the anther (Fig. 2.271).
The carpel mound ofZ. edule becomes distinct (Fig. 2.255) at the stage where
all the outer stamens have been initiated but before the inner stamens have been
initiated. The carpel cleft forms on the median adaxial side of the carpel at about the
time that the last inner stamen is being initiated (Fig. 2.259, carpel height of 150 pm).
The carpel cleft becomes fused before ovule initiation (Figs. 2.262, carpel height of 285
pm and 2.263, carpel height of 760 pm). During mid-development, the distal end of
the carpel becomes flattened (Fig. 2.263) with a slight indentation where the carpel
cleft ends (Fig. 2.264). The stigmatic region starts to bend abaxially (Fig. 2.265) and a
ring of papillae start to form on the margin (Fig. 2.266). In later stages, the style
continues to bend toward the abaxial side forming a loop (Fig. 2.268). As the style
continues to lengthen, it becomes folded (Fig. 2.269). In large buds, the stigma is
terminal and crateriform with a marginal ring of papillae (Fig. 2.270). The style
becomes straight at anthesis.
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Figures 2.262-2.270. Mid- and late-stage floral development in Lemuropisum edule.
Bars = 100 pm in Figs. 2.262-2.266,2.270; and 500 pm in Figs. 2.267-2.269. 2.262.
Lateral adaxial view of mid-stage flower with sepals and petals removed to show outer
stamen primordia beginning anther differentiation, and off-center position of adaxial
inner stamen. Carpel height is approximately 285 pm. 2.263. Lateral adaxial view of
later stage flower with parts removed to expose outer and inner differentiated stamens,
and carpel (approximately 760 pm high) with fused margins. 2.264. Mid-stage stigma
showing terminal flattening and open cleft at apex. 2.265. Side view of later stage
stigma showing bending towards abaxial side. 2.266. Polar view of same stigma as in
Fig. 2.265, showing papillae starting to form around margin. 2.267. Inner surface of
petal showing claw, broad limb, and acuminate tip. 2.268. Style and stigma showing
coiling of style towards abaxial side of flower. 2.269. Near mature stigma and style
showing further bending of style as it continues to elongate in bud. 2.270. Late-stage
crateriform stigma with ring of papillae around pore.
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Inflorescence and flower development in Delonix
D. regia also has an indeterminate racemose inflorescence with bracts and
flowers initiated helically (Fig. 2.272). No bracteoles are initiated (Fig. 2.273). As in
L. edule, the inflorescence is very densely packed with the bracts and sepals becoming
massive and indurate at an early stage, obscuring the inner flower primordia. In
addition the inflorescence is covered in hairs that also tend to obscure the primordia
(Fig. 2.272). In the flower, the first sepal primordium is initiated in a non-median
abaxial position (Fig. 2.274), but it quickly expands laterally to fill the median abaxial
position (Fig. 2.275). The two sepal primordia on either side of the first sepal
primordium then arise apparently simultaneously or nearly so (Fig. 2.275). Lastly the
two abaxial sepal primordia arise (Fig. 2.276); sepal initiation is unidirectional. As in L.
edule, the sepals start to thicken before any other organs are initiated (Fig. 2.277).
Sepal aestivation is valvate, but the tip of the abaxial sepal covers the tips of the other
sepals (Fig. 2.286). Endress (1995) has reported that the sepals fuse basally forming a
calyx cup.
Petal initiation is also unidirectional from the abaxial to the adaxial side. The
two abaxial petal primodia appear first (Fig. 2.278), then the two lateral petal primordia
arise (Fig. 2.279, plane of symmetry is indicated) and lastly the adaxial petal
primordium is initiated (Fig. 2.280). The adaxial petal primordium is in the median
position through organogeny (Fig. 2.283), but it appears to become shifted to one side
with reference to the carpel cleft during mid-development (Fig. 2.284) just as in Z.
edule. All the petals are about the same size and shape (Fig. 2.284) during mid-stage.
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Figures 2.271-2.279. Anther characters of Lemuropisum edule, and organogeny in
Delonix regia. Abaxial side is at base in Figs. 2.273-2.278, and is labelled with an
asterisk in Fig. 2.279. Sepals removed in Figs. 2.276-2.279. Bars = 500 nm in Fig.
2.271; 100 Jim in Fig. 2.272; and 50 |im in Figs. 2.273-2.279 2.271. L eduley outer
surface of stamen showing bending of stamen filament and median groove on abaxial
side of anther. 2.272-2.279. £>. regia. 2.272. Inflorescence tip with subtending bracts
removed to expose flower primordia in bract axils. 2.273. Floral apex before any
organs are initiated. No bracteoles are initiated. 2.274. Polar view of floral apex with
first sepal primordium initiated in a non-median position on abaxial side. 2.275. Floral
apex showing initiation of the two lateral sepal primordia. The first sepal has expanded
to fill a median position. 2.276. Floral apex prior to petal initiation, with the two
adaxial sepal primordia present (one removed). Four of the five sepal primordia have
been removed. 2.277,2.278. Two views of flower with all sepals removed to show the
first two petal primordia (at arrows) initiating on the abaxial side. 2.279. Oblique view
of flower with two lateral petal primordia (at arrows) initiated. Median sagittal plane is
indicated by lines.
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Figures 2.280-2.285. Mid-stage floral development o f Delonix regia. Abaxial side is at
base in all figures. Organs removed include sepals in all, some petals in Figs. 2.282,
2.283, and 2.285, and one outer stamen in Fig. 2.285. All polar views. Bars = 100 pm.
2.280. Flower with all petal primordia and the first three outer stamen primordia (at
arrowheads) initiated. The relative thickness of the sepal bases can also be seen. 2.281.
Flower with all five outer stamen primordia present. The carpel mound is also distinct.
2.282. Rower with four petals removed to show five outer stamen primordia present
and inner stamen initiation. Four inner stamen primordia have been initiated, but the
adaxial inner stamen primordium has not been initiated. The carpel cleft is first evident
at a carpel height of approximately 100 pm. 2.283. Mid-stage flower with one petal
removed. The petal and stamen primordia are arched inward. The carpel cleft has
deepened. Carpel height is approximately 180 pm. 2.284. Later stage flower showing
expansion of petals. Outer stamens are visible but they obscure the inner stamens.
2.285. Mid-stage flower with organs removed to show off-center position of adaxial
inner stamen. Carpel height is approximately 240 pm. P, petal; A, outer stamen; a,
inner stamen; C, carpel.

R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout perm ission.

Figures 2.280-2.285.

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.

132

Petal aestivation is ascending cochleate (Fig. 2.287, adaxial side is indicated) and all the
petals become clawed and glabrous.
The antesepalous stamen whorl arises unidirectionally with the first outer
stamen primordium arising in the abaxial position (Fig. 2.279). The two lateral outer
stamen primordia appear next (Fig. 2.280) and then the two adaxial outer stamen
primordia are initiated (Fig. 2.281). Based on the sizes of the inner stamen primordia
at this stage initiation of the inner stamen whorl appears to be unidirectional. The
adaxial inner stamen primordium is the last to be initiated (Fig. 2.282) and appears
median. The median position of the last inner stamen primordium in D. regia contrasts
with L. edule. In mid-stages in D. regia, the adaxial median inner stamen is shifted to a
non-median position (Fig. 2.285) like that found inZ. edule. The possible significance
of the off-median adaxial stamen will be commented on in the discussion, as it relates to
fenestration at the base of the appressed anther filaments at maturity. The stamen
primordia start out with a conical shape and later become cylindrical in shape (Fig.
2.283). As the anthers differentiate from the filaments, the stamens tilt inwards
towards the carpel (Fig. 2.285). In mid-development the lateral and median grooves
form on the adaxial or inner surface of the anthers (Fig. 2.289) and a median groove
also forms on the abaxial surface of the anthers (Fig. 2.288). Also in mid-development,
the two whorls of stamens are packed in a two-tiered arrangement with the anthers of
the outer stamens above those of the inner stamens (Fig. 2.289).
The carpel mound is first distinct at the stage where all the outer stamen
primordia have been initiated (Fig. 2.281). The carpel cleft forms on the adaxial side of
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Figures 2.286-2.291. Mid- and late-stage floral development oiD elom x regia. Bars =
100 pm in Figs. 2.286-2.288,2.290-2.291; and 500 pm in Fig. 2.289. 2.286. Valvate
aestivation of sepals. 2.287. Oblique view of mid-stage flower with sepals removed to
show ascending cochleate petal aestivation. * = abaxial side. Ad = adaxial side of
flower. 2.288. Oblique view of flower showing stamen anthers and terminal flattening
of developing stigma. 2.289. Lateral view of flower with some organs removed to
expose two outer stamens (top), two inner stamens, and carpel with ovary, style, and
stigma. 2.290. Stigma in previous figure showing formation of marginal ring of
papillae. 2.291. Lateral view of later stage stigma with papillae.
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the developing carpel in a median position (Fig. 2.282) when the carpel is about 100
pm tall. The cleft deepens as the margins develop, remaining appressed (Figs. 2.2832.285). The carpel margins fuse before ovule initiation. Hairs begin to form on the
carpel base (Fig. 2.283), at a height of 180 pm, and eventually are numerous (Figs.
2.284-2.285). The stigmatic region starts as a terminal flattening (Fig. 2.288) and as it
expands, a marginal ring of papillae form (Fig. 2.289). It appears to develop similarly
to the stigma of L. edule, with a small dimple forming where the carpel cleft ends in the
center of the expanding stigmatic region (Fig. 2.290). At later stages, it becomes
crateriform (Fig. 2.291), but the style does not coil in bud like that ofZ,. edtde.
Genera Parkinsonia and Cercidium (Figs. 2.292-2.325)
Organography
The species of Parkinsonia (Cercidium) are usually armed trees or shrubs.
They often develop short shoots (Polhill and Vidal, 1981). The mature floral features
which characterize all the species examined are the presence o f two senescence scars
on the pedicel, an imbricate calyx with the calyx lobes reflexed or deciduous after
anthesis, ascending cochleate petal aestivation, five clawed petals, a single fenestration
at the base of the adaxial stamen filaments, and a shallow hypanthium.
There has been some debate over whether Cercidium should be considered as a
separate genus from Parkinsonia. Polhill (1995) currently treats them as one genus
and Watson (1876) and Isely (1975) have not considered the differences between the
two to be great enough to warrant generic segregation. However, Sargent (1889),
Johnston (1924) and Britton and Rose (1930) did treat them as separate genera, but
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with slightly different arrangements of species. They are distinct from each other in
wood anatomy (Carlquist, 1989), pollen morphology and ability to hybridize (Carter
and Rem, 1974), causing Carter (1974) to suggest that they be treated as separate
genera. If you separate them, then Parkinsonia includes two or three species, with one
(P. aculeata) that is native to Central America and the Southern US, and one or two
species native to Africa (Brenan, 1963). Cercidium, if segregated from Parkinsonia,
includes approximately nine species primarily from the Southwestern United States and
Mexico, but with a few species in South America (Carter, 1974).
Floral development in P. aculeata was examined extensively and will be
described in detail. Mid- and late-stages of floral development of three species of
Cercidium were examined to supplement the study of early floral development of
Cercidium by Tucker (in prep). The species of Cercidium examined are C. floridanum,
C. macrum and C. microphyllum. Because these species do not differ significantly from
each other or from P. aculeata in mid- and late-stage floral development, only a few
features that were considered particularly important for a phylogenetic analysis will be
illustrated for the species of Cercidium.
Inflorescence and flower development
The inflorescence of P. aculeata is an indeterminate raceme with helically
arranged bracts and flowers (Fig. 2.292). No bracteoles are produced (Fig. 2.293).
The first sepal primordium is initiated in a non-median position on the abaxial side of
the flower primordium (Figs. 2.294 and 2.295) and subsequent sepal initiation is helical.
The second sepal primordium is initiated on the adaxial side of the flower and the third
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sepal primordium arises next to the first sepal primordium on the abaxial side (Pig.
2.29S). The fourth sepal primordium appears laterally between the first and second
sepal primordia (Fig. 2.296) and the last sepal primordium arises between the second
and third sepal primordia (Figs. 2.296 and 2.297). Left- and right-handed spirals occur
with equal frequency. At the stage that petals are being initiated, the sepals do not
completely cover the floral apex (Fig. 2.298), but by the stage that the inner stamen
whorl is being initiated the sepals do cover the floral apex. At mid-stages sepal
aestivation is imbricate (Fig. 2.3 IS). The abaxial sepal is not cucullate.
Because the first sepal primordium is initiatated in a non-median abaxial
position, subsequent organ initiation differs from that of species with a median first
sepal, in that a single abaxial petal primordium initiates first rather than two abaxial
petal primordia arising simultaneously. The first petal primordium arises on the abaxial
side (Fig. 2.297) and subsequent petal initiation appears to be unidirectional from the
abaxial to the adaxial side of the flower. All the petal primordia appear to be present in
Fig. 2.299, but initiation of the outer stamen whorl has not started yet. At maturity all
five of the petals are clawed and short hairs are present at the base of the adaxial petal
claw (Tig. 2.320).
Outer stamen initiation is unidirectional, starting with two primordia (at arrows)
arising on the abaxial side (Fig. 2.300), and proceeds to the adaxial side (Fig. 2.301).
Inner stamen initiation follows the same pattern. In Fig. 2.302, four inner stamen
primordia are visible (at arrows) on the abaxial side of the flower primordium. The two
abaxial inner stamen primordia are larger than the two lateral stamen primordia,
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Figures 2.292-2.297. Sepal initiation in Parkinsonia aculeata. Abaxial side is at base in
Figs. 2.293-2.297. Median sagittal plane is indicated by vertical lines in Figs. 2.2942.297. Bars = 100 pm in Fig. 2.292; and 50 pm in Figs. 2.293-2.297.2.292.
Inflorescence tip with subtending bracts removed to expose axillary flower primordia.
2.293. Floral apex before any organs have been initiated. 2.294. Oblique view of floral
apex with first sepal primordium initiated, in a non-median position. 2.295. Polar view
o f floral apex with three sepal primordia initiated (at arrows). The first sepal
primordium is still clearly in a non-median position. 2.296. Polar view of floral apex
with four of five sepal primordia initiated. The sepal primordia are numbered in order
o f initiation. 2.297. Flower with all five sepal primordia (two removed), and the first
petal primordium (at arrow) initiated.
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Figures 2.298-2.303. Organogeny in Parkinsonia aculeata. Abaxial side is at base in
Figs. 2.300-2.303; at top in Fig. 2.298; and labelled with an asterisk in Fig. 2.299.
Median sagittal plane is indicated by lines in Figs. 2.298, 2.300-2.303. Some or all
sepals removed in all figures except Fig. 2.298. Bars = 50 urn. 2.298. Flower with all
five sepal primordia present. Ad = adaxial side. 2.299. Lateral view of flower with all
five petal primordia initiated. Two of five sepal primordia have been removed. 2.300.
Flower showing five petal primordia and outer stamen initiation. The first two outer
stamen primordia have been initiated on the abaxial side. 2.301. Flower with all five
outer stamen primordia and the carpel initiated. 2.302. Oblique view of flower with
petals, outer stamens, and first two inner stamen primordia initiated (at arrowheads) on
abaxial side. 2.303. Flower with third and fourth inner stamen primordia (at
arrowheads) initiated laterally. Carpel height is approximately 100 jim. S, sepal; P,
petal; A, outer stamen; C, carpel.
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supporting unidirectional order of initiation. The adaxial inner stamen primordium
appears last (Fig. 2.303). During mid-development the anthers differentiate from the
filaments (Figs. 2.304 and 2.30S). Then the lateral and median grooves form on the
anthers (Fig. 2.306) at about the same time that hairs start to form on the filaments.
The stamen filaments bend slightly but never appear to coil even in late-stage buds (Fig.
2.313 and 2.316). A median groove forms on the abaxial surface of the anthers (not
shown) late in development. A fenestration or “anther gate” (Endress, 1994) separates
the bases of the adjacent, hairy anther filaments (Fig. 2.321) on the adaxial side of the
flower (shown also in Endress, 1994, for Delonix regia). Unlike the species of
Caesalpinia examined, there is only one fenestration between the anther filaments on
the adaxial side of the flower in Parkinsonia.
When the petal primordia are being initiated, the central carpel primordium is
also being initiated (Fig. 2.299), causing the floral apex to appear dome-shaped. The
carpel mound is not clearly distinct (Fig. 2.301) until outer stamen initiation has been
completed. The carpel cleft forms on the adaxial side (Fig. 2.304, carpel height of 105
pm) but it is not exactly in line with the adaxial petal since the adaxial petal is not
median (Fig. 2.305). The carpel heightens and the margins remain appressed while
hairs begin to form (Figs. 2.306, carpel height o f480 pm and 2.307). The carpel cleft
is closed before ovule initiation (Figs. 2.306 and 2.307). During mid-development the
distal end of the carpel becomes flattened laterally on the adaxial side (Figs. 2.307 and
2.308). At a slightly later stage, the developing stigmatic surface does not appear to
have changed much (Fig. 2.309), but in side view it can be seen that the style has
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Figures 2.304-2.312. Mid- and late-stage floral development in Parkinsonia aculeata.
Bars = 100 pm. 2.304. Polar view of flower showing overarching petals, stamens, and
carpel cleft forming. Carpel height is approximately 105 tun. 2.305. Oblique view of
flower with sepals removed, to show that the carpel cleft is not in line with the adaxial
petal (at bottom of picture). Ad = adaxial side of flower. 2.306. Lateral adaxial view,
showing stamens anthers with lateral and median grooves, and carpel (approximately
480 pm high) with appressed margins and hairs starting to form. 2.307. Later stage
carpel showing hairs covering ovary. 2.308. Mid-stage stigma showing lateral
flattening. 2.309,2.310. Stigma with expanding style. 2.311. Base of carpel showing
adaxial suture and a slight mound just below the suture which might be the first sign of
formation of a flared base (at arrow). 2.312. Cleft stigma with papillae developing
marginally at tip.
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started elongating (Fig. 2.310). At this same stage the carpel base starts to become
flared (Fig. 2.311). This flared base contains the base o f the carpel suture. A partial
ring of papillae forms at the margin of the developing stigmatic region and the style
starts to bend (Fig. 2.312). In a late-stage bud, just prior to anthesis, the style is
somewhat coiled towards the adaxial side of the carpel (Fig. 2.313). The stigma at this
stage is spatulate in shape and lateral-subtenninal (Fig. 2.314). In a flower at anthesis,
the ovary is elongate and hairy, the style is no longer coiled but is arched towards the
adaxial side, and the flared base of the carpel is clearly evident (Fig. 2.316). Also, at
this stage the hypanthium is relatively broad and shallow (Fig. 2.316), but does not
appear appressed in polar view (not shown). The stigma is still Iateral-subterminal and
has become more elongate with papillae only on the upper half of the margin (Fig.
2.317). In an even older flower the carpel suture has split at the lower half of the
stigma and pollen is visible in the upper half (Fig. 2.318). A close-up of the flared base
o f the carpel shows that the carpel suture extends out onto it (Fig. 2.319).
The mid- and late development and mature features of the flowers of Cercidium
species are quite similar to those of P. aculeata. Two of these features are unique to
Parkinsonia and Cercidium among the taxa surveyed here, suggesting a close
relationship. These synapomorphic features are the flared carpel base with the suture
extending out onto it, and the pattern of stigma development. The species of
Cercidium examined also have a single fenestration at the base of the adaxial stamen
filaments, as found in Parkinsonia, Peltophorum, and Delomx. Fig. 2.322 shows the
flared carpel base in C. macrum. In this species the carpel suture extends out onto the
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Figures 2.313-2.318. Late-stage floral features of Parlansonia aculeata. Bars = 1 mm
in Figs. 2.313, 2.315-2.316; and 100 nm in Figs. 2.314, 2.317-2.318. 2.313. Lateral
view of bud with sepals, petals and some stamens removed to show hypanthium,
bending of stamen filaments and gynoecium of ovary, elongate style, and stigma. 2.314.
Stigma from flower in previous figure, showing spatulate shape. 2.315. Sepal
aestivation. The abaxial sepal (at arrow) is not cucullate. 2.316. Mature flower with
gynoecium and some stamens. Sepals, petals, and some stamens removed. 2.317. Latestage lateral, elongate stigma showing papillae on the upper half. 2.318. Stigma from
open flower showing the splitting along the cleft.
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Figures 2.319-2.325. Mid- and late-stage floral features o f Parkinsonia aculeata and
species of Cercidium. Bars = 100 pm in Figs. 2.319,2.322-2.325; and 1 mm in Figs.
2.320-2.321. 2.319-2.321. P. aculeata. 2.319. Flared base of the carpel. The carpel
suture (at arrow) extends out onto the platform. 2.320. Inner surface of the adaxial
petal showing the hairs at the base of the claw. 2.321. Adaxial side of flower showing
single fenestration at the base of the stamen filaments. 2.322. Cercidium macrum,
flared base of carpel 2.323-2.325. C. floridanum . 2.323. Mid-stage carpel
(approximately 530 pm high) with lateral flattening of developing stigmatic region.
2.324. Stigma with marginal ring of papillae. 2.325. Later stage stigma and style
showing folding of style and distal splitting of stigmatic cleft.
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platform, but there is also a bridge of raised tissue connected to the filament of the
adaxial stamen.
Stigma development is shown for C. floridatm m . As for P. aculeata and the
other species of Cercidium, the stigma starts as a lateral flattening (Fig. 2.323, carpel
height of 530 pm). Later a marginal ring of papillae forms, although the papillae
extend around the full circumference of the developing stigma in this species (Fig.
2.324). The style bends towards the adaxial side and the carpel cleft remains open at
the stigma (Fig. 2.325), again similar to what was found in P. acideata.
GLEDITSIA GROUP (Figs. 2.326-2.3491
The Gleditsia group is comprised of two genera, Gleditsia L. and Gymnocladus
Lam., with 14 and 5 species respectively. They are trees primarily from temperate
North America and Eurasia, but with one species of Gleditsia from southern South
America. The flowers of these two genera are effectively unisexual, with greenish
yellow petals not much differentiated from the sepals. A male and a female flower of
Gleditsia triacanthos are shown in Fig. 2.6. The features which primarily distinguish
the two genera are that Gymnocladus flowers have a more elongate hypanthium than
those of Gleditsia, and the seeds of Gymnocladus are globular whereas those of
Gleditsia are flattened (Polhill and Vidal, 1981). Additionally, trees of Gleditsia
typically have branched thorns, bipinnate and simply pinnate leaves, no stipules,
variable merosity in flowers, and a stipitate legume (Hutchinson, 1964; Isely, 1975).
Gymnocladus is typically unarmed, with only bipinnate leaves, small stipules, regularly
4- or 5- merous flowers, and a sessile legume (Hutchinson, 1964; Isely, 1975). The
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floral development of Gleditsia has been examined by Tucker (1991) and was found to
have an unusual chaotic floral development. Because the floral development of
Gleditsia has been reported on, Gymnocladus dioica was chosen as a representative.
Genus Gymnocladus (Figs. 2.326-2.349)
Organography
G. dioica is the one species of the genus found in North America. The
distinguishing features of the genus have been described in the previous paragraph. In
addition to being polygamous, the flowers o f G. dioica have a single senescence scar
on the pedicel, non-overlapping sepals, sessile petals that are not very distinct from the
sepals, and imbricate petal aestivation. The flowers also lack any fenestrations at the
base of the stamen filaments. The inflorescence of G. dioica has been described as
having a terminal flower (Weberling, 1989) but has also been described as being
racemose or paniculate (Hutchinson, 1964; Isely, 1975). G. dioica has also been
described as lacking bracts and bracteoles (Hutchinson, 1964). Therefore, determining
the exact structure of the inflorescence of G. dioica is of interest.
Inflorescence development
The main axis of the inflorescence o f G. dioica is indeterminate in the material
examined, producing bracts subtending axillary floral primordia in a helical pattern (Fig.
2.326). This was found in all the inflorescence material examined. However, in the
older inflorescences with open flowers the inflorescence apex was almost always
aborted (brown and shrivelled) and obscured and overtopped by the older flowers. The
subtending bracts remain small relative to the mature flowers. The flower primordia
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are bilaterally symmetrical before any organs have been initiated (Fig. 2.327). Two
bracteoles are initiated (Fig. 2.328). At a later stage secondary flower primordia are
initiated in the axils of the bracteoles, producing cymose lateral branches, as in
Gleditsia (Tucker, 1991).
Flower development
After the bracteoles have been initiated, the first sepal primordium is initiated in
a non-median abaxial position (Fig. 2.328). However the first sepal primordium
appeared in at least one flower to be very close to median in position (Fig. 2.329).
Subsequent sepal initiation is helical, with the second sepal primordium initiated on the
adaxial side (Fig. 2.329) and the third sepal primordium appearing on the abaxial side
next to the first sepal primordium (Fig. 2.330). Then the fourth sepal primordium
arises laterally between the first and second sepal primordia. The last sepal primordium
is initiated laterally between the second and third (Fig. 2.331). Sepal number varies
from four (Fig. 2.333) to six (Fig. 2.332) or more (Fig. 2.341). However, of the
approximately 200 flowers examined only about 5%-10% were not pentamerous.
After all the sepal primordia have been initiated, there is still space between them (Fig.
2.332). The petal primordia are initiated in the intersepalous spaces (Figs. 2.334 and
2.335). Petal initiation appears to be helical (Figs. 2.333 and 2.334), based on the
relative size of the petal primordia. The sepals at this stage are narrow enough that
they do not cover the petals (Fig. 2.336). The sepals are completely covered with short
straight hairs.
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Figures 2.326-2.332. Sepal initiation in Gymnocladus dioica. abaxial side is at base in
Figs. 2.327-2.332. Median sagittal plane is indicated by vertical lines in Figs. 2.3292.332. Bars = 100 pm in Fig. 2.326; and 50 nm in Figs. 2.327-2.332.2.326.
Inflorescence tip with subtending bracts removed to expose axillary flower primordia.
2.327. Polar view of floral apex before any organs have been initiated. 2.328. Floral
apex with two bracteole primordia initiated and the first sepal primordium (at arrow)
being initiated in a non-median position on the abaxial side. 2.329. Floral apex with first
sepal primordium in a position close to median and second sepal primordium (at arrow)
being initiated on the adaxial side. One bracteole has been removed. 2.330. Floral apex
with three sepal primordia (at arrows) initiated. The first sepal primordium, knocked
partly offj appears non-median. 2.331. Floral apex showing initiation of the fourth and
fifth sepal primordia (at arrows). Initiation is helical. 2.332. Polar view of floral apex
with all five sepals present, numbered in order of initiation, and a possible sixth sepal
(at arrow). B, bracteole, S, sepal.
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Figures 2.333-2.340. Organogeny in Gymnocladus dioica. Abaxial sides is at base in
all figures. Median sagittal plane is indicated by vertical lines in Fig. 2.333. Bars = 100
pm. 2.333. Floral apex with only four sepal primordia evident. A trichome (marked
with a T) obscures one o f the sepal primordia on the adaxial side and a bracteole is
visible on the left side. There are also some low mounds on the abaxial side between
the sepal primordia which might be petal primordia. 2.334. Flower with five sepals,
showing all five petal primordia initiated, but differing in size. 2.335. Flower showing
position of petal primordia; one bracteole and three sepals have been removed. 2.336.
Intact flower to show that the sepals do not completely cover the petal primordia.
2.337. Flower showing helical initiation of outer stamen primordia (at arrows). All the
sepals and three of the petals have been removed. The sepal and petal scars are labelled.
2.338. Flower that appears to be aborting during organogeny. 2.339. Flower showing
first inner stamen primordium (at arrow) being initiated starting on the abaxial side. The
carpel mound is also distinct. 2.340. Flower with all inner stamen primordia present;
their relative sizes support unidirectional order of initiation. The carpel cleft is forming
on the adaxial side of the carpel (approximately 190 jim high). B, bracteole; S, sepal; P,
petal; A, outer stamen.
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Initiation of the antesepalous stamen whorl appears to be helical and starts on
the abaxial side (Fig. 2.337). One problem with determining the order of outer stamen
initiation is that many of the buds at this stage appear to be aborting (Fig. 2.338).
Another problem is that there are flowers with variable numbers of parts (Fig. 2.341),
some with as many as seven outer stamens and at least six inner stamens. Inner stamen
initiation also appears to start on the abaxial side (Fig. 2.339) and based on the sizes of
primordia seems to be unidirectional (Fig. 2.340). The anthers begin differentiating
from the filaments on the abaxial stamens while the adaxial stamen primordia are still
globular in shape (Fig. 2.341). Two lateral and one median groove form on the adaxial
surface of the anthers during mid-development, but no median groove forms on the
abaxial anther surface. At maturity the petals are sessile and very similar in shape to
the sepals, in addition to being similar in color. The only difference is that the petals
are hairy on their inner surface and glabrous on their outer surface, although the sepals
are hairy on both surfaces.
The carpel mound is first visible at the stage where the inner stamen whorl is
being initiated (Fig. 2.339). The carpel cleft forms on the adaxial side in a median
position in most flower primordia (Figs. 2.340, carpel height of 190 pm and 2.342,
carpel height o f435 pm). However, in one developing flower, the carpel cleft
appeared to be forming in a non-median position (Fig. 2.341); this is one of the flowers
with a proliferation of parts, making a determination of the median position difficult.
The carpel cleft does not initially extend to the base of the developing carpel (Fig.
2.342). As the carpel heightens, the cleft remains open (Fig. 2.344) for an extended
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Figures 2.341-2.349. Mid- and late-stage floral development in Gymnocladus dioica.
Bars = 100 pm in Figs. 2.341-2.347; and 1 mm in Figs. 2.348-2.349. 2.341. Mid-stage
flower showing a proliferation in number of parts: seven outer stamen primordia and at
least six inner stamen primordia. The sepals and petals have all been removed. The
median sagittal plane is indicated by lines. 2.342. Lateral adaxial view of mid-stage
carpel (approximately 435 |im high) with cleft. 2.343. Mid-stage stigma showing lateral
flattening. 2.344. Lateral adaxial view of carpel (approximately 850 urn high) showing
open cleft with ovules initiating inside the locule. 2.345. Developing stigma showing
formation of papillae beginning. 2.346. Adaxial side of late-stage stigma showing
papillae and suture extending into stigma. 2.347. Side view of late-stage stigma
showing lateral subterminal position and small knob, an extension of the style, at the
tip. 2.348. Lateral view of mature flower with carpel and hypanthial tube. All organs
except the carpel removed, with part of the hypanthial wall. The hypanthium is tubular
and narrow and the gynoecium consists of hairy ovary, straight elongate style, and
stigma. 2.349. Aborted carpel of functionally male flower; all other organs removed
except part of hypanthium. A, outer stamen; a, inner stamen; C, carpel.
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time, but eventually the margins become sealed (Fig. 2.346). Hairs cover the carpel
walls in mid-development (Figs. 2.343-2.348). The stigma starts as a lateral flattening
of the distal end of the carpel (Fig. 2.343, carpel height of 850 pm). The stigmatic
region becomes more clearly defined (Fig. 2.344) and covered with short papillae (Fig.
2.345). The stigma becomes somewhat expanded but remains lateral and subterminal
in position (Figs. 2.346 and 2.347). In side view, the elongation of the style is visible
with the bulbous lateral stigma at the tip (Figs. 2.347 and 2.348).
At maturity the hypanthium of G. dioica is long and tubular (Figs. 2.348 and
2.349). The difference between carpellate and staminate flowers can be seen in Figs.
2.348 and 2.349. Polygamy in this species is caused by late-stage suppression of
organs as reported for Gleditsia (Tucker, 1991).
POEPPIGIA GROUP: POEPPIGIA PROCERA (Ties. 2.350-2.375)
Oreanographv
The Poeppigia group is monotypic, with Poeppigia procera Presl. the only
member. It is a tree from South America with distichous shoots, cymose
inflorescences, samaroid fruit, and beaked seeds. The flowers are described by Polhill
and Vidal (1981) as “pseudopapilionoid” although Hutchinson (1964) calls the petals
merely “subequal.” It was considered as a separate group because of this unusual
combination of characters. A flower of P. procera is shown in Fig. 2.5. The flowers of
P. procera have a single senescence scar on the pedicel, an imbricate calyx, five clawed
petals, and a single fenestration at the base of the adaxial stamen filaments. The calyx
of P. procera is unusual among the Caesalpinieae examined in that the sepals are fused
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at the base to form a calyx cup. This feature might be what Polhill and Vidal (1981)
are referring to when they call the flowers “pseudopapilionoid”.
Inflorescence and flower development
The inflorescences examined were all cymose in structure. Additionally, the
inflorescences were not helical in symmetry (unlike any other taxa examined in this
study). A cyme is shown in Fig. 2.350, in which the terminal flower has been removed
and the two flowers in the axils of the subtending bracteoles are exposed. The flower
primordia start out tangentially broad (Fig. 2.351), then two bracteoles are initiated in
succession (Fig. 2.352). The first sepal primordium is initiated in a non-median
position (Figs. 2.352 and 2.353). Subsequent sepal initiation is helical with the second
sepal arising on the adaxial side in a non-median position (Fig. 2.353). In Fig. 2.354,
all five sepals have been initiated. At this stage the hairy bracteoles partially cover the
flower primordium (Fig. 2.355). The sepals do not become cucullate at any time.
The order of petal initiation appears to be unidirectional, although it is difficult
to discern because the petal primordia appear as low broad mounds at first. Fig. 2.356
shows a flower after all the sepal primordia have been initiated and with petal primordia
just starting to develop. Fig. 2.357 is a side view of a flower primordium showing the
convex floral apex, at a similar stage to that shown in Fig. 2.356. In Fig. 2.357 four
small petal primordia are visible in the two abaxial and two lateral petal positions (at
arrows); these four might have arisen simultaneously. At a slightly later stage the two
lateral petal primordia are more clearly visible and appear larger than the two abaxial
petal primordia (Fig. 2.358). The last petal primordium arises in the median adaxial

R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout perm ission.

162

Figures 2.350-2.356. Organogeny in Poeppigia procera. Abaxial side at base in Figs.
2.351-2.354,2.356; at top in Fig. 2.355. Bars = 50 pm. 2.350. Cymose inflorescence
with terminal flower removed (polar view) to show two lateral flower buds in axils of
bracteoles. 2.351. Polar view of floral apex before any organs have been initiated.
2.352. Floral apex with two bracteoles initiated. 2.353. Floral apex with first and
second sepal primordia (latter at arrow) initiated; the second is adaxial and non-median.
The bracteoles have been removed in this and the next figure. 2.354. Floral apex
showing helical sepal initiation. The five sepal primordia are numbered in order of
initiation. The first sepal has been removed. 2.355. Oblique adaxial view of flower
showing the bracteoles partly covering the floral apex and two sepal primordia. 2.356.
Polar view of a floral apex prior to petal initiation. All of the sepals have been removed.
B, bracteole; S, sepal.
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position (Fig. 2.359). The two lateral petals continue to exceed in size the other petals
throughout organogeny (Fig. 2.362) and into mid-stages of development (Fig. 2.368).
At late stages of flower development no obvious difference in size of petals is apparent.
All five petals are clawed at maturity (Fig. 2.375) and are similar in size and shape with
the adaxial petal appearing slightly thicker and wider of the base. The adaxial petal also
has a small pad of hairs at its base. There are no “papilionoid” specializations in the
petals (ie. petal fusion, callus formation, etc.).
Initiation of the antesepalous stamen whorl on the irregularly pentagonal floral
apex starts with the first stamen primordium arising in the median abaxial position (Fig.
2.360). Subsequent outer stamen initiation is unidirectional (Fig. 2.361). Initiation of
the antepetalous stamen whorl is also unidirectional with the first inner stamen
primordia arising opposite the two abaxial petal primordia (Fig. 2.362). Then the two
inner stamen primordia opposite the lateral petal primordia appear (Figs. 2.363 and
2.364) and lastly the adaxial inner stamen primordium arises (Fig. 2.365). The two
inner stamen primordia initially each appear as a mound continuous with the petal
primordium, as can best be seen in oblique view (Fig. 2.364). During mid-development
the anthers differentiate from the filaments (Fig. 2.369). At the same stage the two
lateral and one median grooves form on the adaxial side of the anthers (Fig. 2.369).
Later the microsporangia start enlarging (Fig. 2.371) in both the outer and inner
stamens. A median groove never forms on the abaxial surface of the anthers.
The carpel mound first becomes apparent during outer stamen initiation (Figs.
2.360 and 2.361). The carpel cleft starts forming after organogeny is completed, and is
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Figures 2.357-2.365. Organogeny in Poeppigia procera, continued. Abaxial side is at
base in all but Figs. 2.357 and 2.364, where it is labelled with an asterisk. Two sepals
removed in Fig. 2.357; all sepals removed in rest of figures. Bars = 50 |im. 2.357.
Lateral view of flower with two sepal primordia removed to expose first four petal
primordia (at arrows) being initiated around sides of floral apex. * = abaxial side.
2.358. Polar view of flower showing first four petal primordia (at arrows) initiated as
low mounds. 2.359. Polar view of a slightly later stage flower with all petal primordia
(at arrows) initiated. 2.360. Flower showing initiation of the first outer stamen
primordium (at arrow) on the abaxial side o f the flower. 2.361. Flower with all five
outer stamen primordia (at arrows) initiated. The carpel primordium has also been
initiated. 2.362. Polar view of flower with the first two inner stamen primordia (at
arrowheads) being initiated on the abaxial side. 2.363. Slightly oblique view o f flower
with the third and fourth inner stamen primordia (at arrowheads) initiated laterally. All
the sepals and one petal have been removed. 2.364. Oblique view from the adaxial side
of flower, with at least two inner stamen primordia visible. The adaxial petal (at arrow)
is a broad mound extending inward to where the adaxial inner stamen will arise. Carpel
height is approximately 55 pm. Ad = adaxial side of the flower. 2.365. Polar view of
flower showing initiation of the adaxial inner stamen primordium (at arrowhead)
adjacent to the adaxial petal. The two lateral petals have been removed. P, petal; A,
outer stamen; C, carpel.
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formed on the adaxial side adjacent to the median petal (Tigs. 2.366 and 2.367, carpel
height of 80 jam). The carpel margins are appressed before ovule initiation starts (Fig.
2.369) when the carpel is about 290 jim tall. During mid-development the distal end of
the carpel is rounded, with the suture not quite extending to the tip (Fig. 2.369). At
this stage the carpel is nearly twice the height of the outer stamens. At a slightly later
stage, the distal end of the carpel appears terminally flattened and differential growth at
the margins brings the position of the suture to the summit (Fig. 2.370). After the
developing stigmatic region becomes flattened, papillae form over the entire flattened
surface (Figs. 2.371 and 2.372). At this stage the distal end of the carpel still protrudes
above the outer stamens (Fig. 2.371). At maturity the stigma is small and capitate with
a terminal tuft of papillae (Fig. 2.373), and the gynoecium has an ovary, a pronounced
stipe, and a ring of long straight hairs at the level of the base of the suture (Fig. 2.374).
The hypanthium first becomes evident in some flower primordia as early as the
time of inner stamen initiation (Fig. 2.366), and in mid-development causes the stamens
to be tilted inward (Fig. 2.369). At maturity the hypanthium is campanulate (Fig.
2.374) with the calyx cup extending well beyond the hypanthium.
DISCUSSION
The primary purpose of this study is to produce characters for a phylogenetic
analysis of the Caesalpinieae. Part of the discussion of the interesting features of floral
development and morphology in the taxa studied will be devoted to explaining how
characters and character states have been defined for the phylogenetic analysis in Ch. 4.
Some of the floral developmental features examined in this study have been used
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Figures 2.366-2.375. Mid- and late-stage floral development in Poeppigia procera.
Adaxial side at base in Figs. 2.366-2.368. Sepals removed in Figs. 2.366-2.369, 2.371.
Bars = 50 pm in Figs. 2.366-2.373; 100 pm in Fig. 2.374; and 1 mm in Fig. 2.375.
2.366. Polar view of flower showing all organs initiated. The carpel cleft is forming in a
median adaxial position and the hypanthium is starting to form. 2.367. Mid-stage
flower showing the organs enlarging. Carpel height is approximately 80 pm. All the
sepals, one petal and one outer stamen have been removed. 2.368. Mid-stage flower
showing that the petals are of different sizes. The two lateral petals are larger than the
others. 2.369. Lateral adaxial view of a mid-stage flower showing the stamens
differentiating filaments and anthers with a median adaxial groove, and the carpel
(approximately 290 pm high) with appressed margins. The organs are tilted inward on
edge o f developing hypanthium. 2.370. Mid-stage stigma showing terminal flattening.
2.371. Adaxial side view of flower with stamens having filaments and anthers lacking a
median groove abaxially. Inner stamens have very short filaments. Sepals and petals
removed. 2.372. Mid-stage stigma showing formation of papillae. 2.373. Late-stage
terminal papillate stigma. 2.374. Gynoecium base showing stipe and ring of hairs at
base of ovary. Shallow hypanthium is evident. 2.375. Inner surface o f petal showing
claw and limb. P, petal; A, outer stamen; a, inner stamen.
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previously in a phylogenetic analysis of the Leguminosae by Tucker and Douglas
(1994), but some of these features either have not been previously used or are treated
differently in this study.
ORGANOGENY
Inflorescence Structure
The majority of legumes have racemose inflorescences (Tucker, 1987).
Cymose inflorescences have also been reported in the Caesalpinieae for Poeppigia
procera (Polhill and Vidal, 1981) and Gymnocladus dioica (Weberling, 1989) and
outside the Caesalpinieae for Dialium (Irwin and Barneby, 1981). Poeppigia procera
has a true cymose inflorescence, with a determinate main axis and lateral flowers
produced in the axils of bracteoles. On closer inspection, the inflorescences of Dialium
gu ineeuse (Tucker, in prep) and Gymnocladus dioica are more like that reported for
Psoraleapinnata (Tucker, 1991). In these taxa, the inflorescence is a panicle of
cymules, with an indeterminate main axis and bracts produced in a helical phyllotaxy,
but also having flowers produced in the axils of bracteoles. Although a raceme and a
cyme are distinguished by two main features, an indeterminate versus determinate main
axis and flower primordia produced in the axils of bracteoles, this third type of
inflorescence shows that these two important features of inflorescence structure are not
always correlated in the Leguminosae. For the purposes of a phylogenetic analysis it
was decided to treat these as separate characters, rather than use raceme, cyme and
panicle of cymules as equivalent character states.
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Bracteoles are technically part of the flower, when present, since they are the
first product of the floral apical meristem (Tucker, 1987). Bracteoles can be viewed as
physiologically intermediate structures between the inflorescence bracts and floral
organs, both spatially and temporally. They might have served as protective structures
of the earliest floral stages at some previous stage in floral evolution; in certain other
caesalpinioid legumes, such as Amherstieae, the bracteoles function as protective
structures throughout floral development.
Paired bracteoles are sometimes present in racemose inflorescences, but not
always. Sometimes when present they are highly reduced, appearing as small primordia
or even as a tuft of hairs. There is no apparent correlation between a tangentially broad
floral apex and presence of bracteoles, since some species (ie. Caesalpinia gilliesii)
without bracteoles had a tangentially broad floral apex prior to sepal initiation.
One hypothesis about the evolution of inflorescence structure, proposed by
Sousa and Pena de Sousa (1981), is that the presence of bracteoles in racemose
inflorescences indicates a reduction from a cymose condition with loss of lateral
flowers. If this is true, one hypothesis of evolution of the legume inflorescence would
be that a panicle of cymes, as found in Gymnocladus dioica and Dialium guineense,
represents the primitive type of inflorescence for the Leguminosae. This type of
inflorescence then could have evolved in two directions: reduced to a racemose
inflorescence in most members of the family, or to a true cyme in Poeppigia procera
and a few other taxa. In this scenario bracteoles could then have also been lost in some
lineages with racemose inflorescences, possibly multiple times. Also in this case, the
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sporadic occurrence of flowers in the axils of bracteoles in Cercidium floridatmm could
represent a reversion from a racemose inflorescence to a panicle of cymules. This
hypothesis about the evolution of inflorescence structure will be discussed again in Ch.
4 in light of the phylogenetic analysis presented there.
Position of Organs and Orientation of Flowers
The position of the first sepal generally determines the position of all
subsequent organs in the Leguminosae, since members of each organ whorl are initiated
alternate to those of the previous one. The position of the first sepal is variable in the
Caesalpinieae, with it being median in the Caesalpinia group (with the exception of C.
ciicidlata) and non-median in most other taxa studied. The Caesalpinia group shares
the feature of a median first sepal with the Papilionoideae (Tucker, 1991), the
Amherstieae (Tucker, unpublished data) and Senna (in the Cassieae) (Tucker, 1996).
The Peltophorum group shares a non-median first sepal with most Mimosoideae,
Cassieae (excluding Senna), Detarieae, and Cercideae examined to date.
Despite the difference between the Caesalpinia and Peltophorum groups in the
position of the first sepal at initiation, the orientation of mature flowers in both groups
is the same. In open flowers of both groups, the median sagittal axis of symmetry
bisects the subtending bract, the lowermost (abaxial) sepal, and the uppermost (adaxial)
petal. The orientation found in the mature flowers in most members of the Caesalpinia
group examined (excluding Caesalpinia cucullata) is apparent at inception of the first
sepal. However, in the five genera examined from the Peltophorum group, the
orientation found in the mature flowers is not apparent at inception of the first sepal,
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and is instead the result of differential lateral growth of the first sepal after inception.
This differential growth of the first sepal into a median position has important
repercussions later in development because it results in a median (or nearly median)
position for the uppermost (adaxial) petal. In open flowers of species from both the
Caesalpinia and Peltophorum groups, the uppermost petal is often modified relative to
the other four petals and appears to function in pollinator attraction and orientation
(Jones and Buchman, 1974). This difference in the early floral development along with
differences in the pattern of sepal whorl initiation between the representatives of the
Caesalpinia and Peltophorum groups implies that these two groups might not be as
closely related as Polhill and Vidal (1981) and Lewis (1994) have suggested, based on
mature floral form. However, Delonix regia, Lemuropisum edule, and Caesalpinia
cucullata with non-median first sepal primordia and unidirectional sepal initiation,
could represent intermediates between the two groups.
Examples of more extreme alterations of flower orientation can be found in
members of the Papilionoideae with inverted or “resupinate” flowers (i.e. Canavalia
virosa, Stirton, 1977). But in these species, flower orientation is affected by twisting
of the pedicel (Tucker, 1987), not by changes in early floral organ development.
The position in which the first sepal is initiated (median vs. non-median) has
been used as a character in the phylogenetic analysis in Chapter 4. The orientation of
the mature flowers has not been used as a character, but several petal modification
characters were included. Any morphologically similar modifications to the uppermost
petal were considered to be homologous for all the taxa included in the analysis.
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Pattern of Organ Initiation
Sepal whorl
The order of sepal initiation in the major taxonomic groups of legumes has been
reviewed by Tucker (1987) and appears to be uniformly unidirectional from the abaxial
side for the Papilionoideae and helical for the Amherstieae, Detarieae, Cercideae and
Cassieae that have been studied. However, the order of sepal initiation found in the
Caesalpinieae is quite variable (Table 2.3). Sepal initiation is helical in the
representatives examined from three of Polhill’s (1995) informal taxonomic groups:
Gleditsia (Tucker, 1991) and Gymnocladus dioica (Gleditsia group), Poeppigia
procera (Poeppigia group), and Erythrophleum suaveolens (Dimorphandra group;
Tucker, in prep.). However, the order of sepal initiation is variable in the Peltophorum
group, with helical sepal initiation occuring in Peltophorum and Parkinsonia,
unidirectional sepal initiation from abaxial to adaxial sides of the flower in Delonix
regia and Lemuropisum edule, and bidirectional sepal initiation in Campsiandra
comosa. Within the Caesalpinia group, sepal initiation is more consistently
unidirectional from the abaxial side, with the exception of bidirectional sepal initiation
in both Haematoxylon campechicamm (Tucker, in prep.) and the representatives from
Caesalpinia infrageneric group Brasilettia.
Among the taxa with unidirectional sepal initiation from the abaxial side, there
are four slightly different patterns o f unidirectional sepal initiation. In both Delonix
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Table 2.3. Occurrence of bracteoles, position of first sepal, order of initiation of floral
organs, and occurrence of overlap in initiation between organ whorls (h, helical; u,
unidirectional; b, bidirectional; s, simultaneous; ?, unkown).
Taxon

Bract
eoles

1st Sepal

Sepals

Petals

Stamens

+
•

median
median

u
u

u
u

u
u

-

-

median
median

u
u

u
u

u
u

-

-

median
median

u
u

?
u

u
u

+

-

median
median

u
u

u
u

u
u

-

-

median

u

s

u

-

-

median

u

u

u

-

+
-

non-med.
median

u
u

u
u

u
u

-

+
+

median
median

b
b

u
u

u

u

-

-

median

u

u

u

+

-

median
median

u
u

u

u

u

u

+
+

+

median

u

u

u

-

+
?
-

h
h

?
?

u

b

+

non-med.
non-med.
non-med.
non-med.
non-med.
non-med.
non-med.

u
u
h
h

u
u
u
u
u

u
u
u
u

?
-

+

non-med.

h

h

?

+

non-med.

h

u

u

Overlaj
inidatii

Caesalpinia group:
Russellodendron
Caesalpinia cacalaco
C. vesicaria
Caesalpinia s.s.
C. cassioides
C. pulcherrim a
Poincianella
C. exostemma
C. pannosa
Libidibia
C. coriaria
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regia and Lemuropisum edule, after the first sepal is initiated and has started expanding
differentially to fill a median position, the two “lateral” sepals are initiated sequentially,
followed by the two adaxial sepals, also in succession. The majority of species from
the Caesalpinia group examined exhibited the order of sepal initiation described
previously for Caesalpinia vesicaria (Tucker, 1984). In this pattern, initiated of the
median abaxial sepal primordium is followed by simultaneous initiation of the two
lateral sepal primordia and then sequential initiation of the two adaxial sepal primordia.
However, in a few species from the Caesalpinia group, initiation of the median abaxial
sepal is followed by simultaneous initiation of the two lateral sepals and then
simultaneous initiation of the two adaxial sepals. And in other species the two lateral
and two adaxial sepals all arise simultaneously. Because initial differences in size
between the lateral and adaxial sepal primordia tend to equalize after organ initiation,
the actual pattern of initiation can become obscured. If some early stages of species
exhibiting the first or second patterns were not observed, their pattern o f sepal
initiation might be interpreted as fitting patterns three or four. For this reason, all four
patterns of unidirectional sepal initiation were coded the same (as unidirectional sepal
initiation from the abaxial side) in the phylogenetic analysis (Ch. 4).
Bidirectional sepal initiation (starting on the abaxial side, moving to the adaxial
side and finishing with the lateral sepal primordia) has been observed previously in
Haematoxylon campechianum (Caesalpinia group; Tucker, in prep.), but otherwise
apparently occurs rarely. Caesalpinia infrageneric group Brasilettia shares this pattern
of sepal initiation with Haematoxylum as does Campsiandra comosa (Peltophorum
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group). Since Haematoxylum and Caesalpinia infrageneric group Brasilettia share this
pattern of sepal initiation in addition to other floral and vegetative features, it raises the
question of whether the Brasilettia group and Haematoxylum are closely related.
However, in a phylogenetic analysis based on vegetative and mature floral characters
by Lewis (1994) Haematoxylum was not closely related to the Brasilettia group
(Campsiandra was not included in his analysis). Based on Lewis’s analysis,
bidirectional sepal initiation has evolved at least twice within the Caesalpinia group.
Petal whorl
Within the representatives from the Caesalpinieae examined, helical petal
initiation is found in Gleditsia (Tucker, 1991), Gymnocladus dioica (Gleditsia group),
and in Erythrophleum suaveolens (Dimorphandra group; Tucker, in prep.). Outside
the Caesalpinieae, helical petal initiation is found in representatives from the
Amherstieae and Detarieae, and in Cassia (Cassieae). Helical petal initiation has also
been reported for two species o f Acacia (Mimosoideae; Newman, 1933).
Unidirectional petal initiation from the abaxial side of the flower is the
predominant pattern of petal initiation in the rest of the representatives from the
Caesalpinieae examined (Table 2.3). It is found in Poeppigia procera (Poeppigia
group), the representatives of the Peltophorum group (except Peltophorum, in which
petal initiation was not observed), and most representatives of the Caesalpinia group
(except C. ovalifolia). These taxa share unidirectional petal initiation with
Chamaecrista (Cassieae; Tucker, in prep.), Cercis and Bauhinia (Cercidieae; Tucker,
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in prep., 1988), and most representatives examined from the Papilionoideae (Tucker,
1987, 1994).
Caesalpinia ovalifolia (subgen. Guilandina) is unique among the Caesalpinieae
surveyed in having simultaneous petal whorl initiation. This pattern is also found in the
majority of Mimosoideae that have been examined (Tucker, 1987).
Stamen whorls
Stamen initiation is often difficult to observe because the sepal and petal
primordia frequently overarch and obscure the stamen primordia. However, in almost
all of the Caesalpinieae in which these stages have been observed, initiation of the
antesepalous (outer) and antepetalous (inner) stamen whorls is consistently
unidirectional from the abaxial side. Additionally, in this study the pattern of initiation
of the inner whorl was never observed to differ from that of the outer whorl; therefore
the two whorls are combined in Table 2.3. Initiation of the two stamen whorls has not
been observed in Gymnocladus dioica from the Gleditsia group. Within the Gleditsia
group, stamen initiation has only been observed for the outer stamen whorl in Gleditsia
(Tucker, 1991), in which the pattern is helical.
Unidirectional outer and inner stamen initiation is also typical for
representatives examined from the Cassieae (Tucker, in prep.), Cercideae (Tucker,
1988), Amherstieae (Tucker, in prep.), Detarieae (Tucker, in prep.), and the
Papilionoideae (with a few exceptions; Tucker, 1987). The Mimosoideae typically
have simultaneous initiation of each stamen whorl (Derstine and Tucker, 1991;
Ramirez-Domenech and Tucker, 1989; Tucker, 1987, 1988; Tucker et al., 1984).

R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout perm ission.

179

Overlapping Organ Whorl Initiation
Overlap in time of initiation can occur between two or more organ whorls
(excluding the carpel). Overlapping organ initiation is a common phenomenon in the
Papilionoideae (Tucker, 1989), but has been reported previously for only a few
Caesalpinioideae. Within the Caesalpinioideae its occurrence is mostly sporadic,
having been found previously in four genera from four different tribes: Haematoxylum
(Caesalpinieae: Caesalpinia group; Tucker, in prep.), Chamaecrista (Cassieae; Tucker,
1996), Cercis (Cercideae; Tucker, in prep.) and Schotia (Detarieae; Tucker, in prep.).
The species in this study that have overlapping organ initiation, Caesalpinia
pannosa, C. gilliesii, C. intricata, and Hoffmannseggia drepanocarpa, have been
included by B. Simpson (pers. comm, with S.C. Tucker) in a phylogenetic analysis of
molecular data primarily of Hoffmannseggia and species of Caesalpinia that have
previously been placed in Hoffmannseggia. In this analysis, the species of Caesalpinia
mentioned above are nested within Hoffmannseggia. Additionally, these four taxa
share other morphological characters (although not necessarily uniquely), such as
presence of stalked glands on the floral organs, that might suggest a close affinity.
FLORAL SPECIALIZATIONS
Flower Symmetry
Most species of Caesalpinia examined exhibit zygomorphic flower symmetry
from sepal inception (the exception being C. cucullata in which zygomorphy arises
during sepal expansion). In those species with a cucullate abaxial sepal, zygomorphy is
maintained throughout mid-stage flower development, even though in mid-stages the
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petals and stamens are generally uniform in size within each whorl. In C. intricata,
which lacks a cucullate abaxial sepal, the sepals are nearly equal in size during mid
development, and zygomorphy arises during late-stage petal differentiation.
There are many features of the flowers that were found to contribute to the
symmetry of mature flowers in the Caesalpinieae. These include: a modified lower
sepal, a modified adaxial petal, the degree and direction of the curving of the carpel,
and shape of the hypanthium. These features are not always correlated with each other.
For this reason, overall symmetry of the flower in particular species is not considered to
be a good phylogenetic character. Instead, each of the individual features that
contribute to the overall flower symmetry has been included as a separate character in
the phylogenetic analysis (Ch. 4).
Patterns of Stigma Development
The stigma morphology of the Caesalpinieae has probably been studied more
extensively (primarily by Owens, 1989, 1990) than any other aspect o f flower
morphology, prior to this study. Mature stigma morphology in the Caesalpinieae is
quite variable, ranging from punctate (<Caesalpinia kanaiense), to crateriform (most
species of Caesalpinia), to peltate (Peltophorum and Gymnocladus). Owens (1989)
has classified the stigma morphologies for five of the informal taxonomic groups of the
Caesalpinieae, the Caesalpinia, Dimorphandra, Gleditsia, Poeppigia, and Peltophorum
groups. The stigmas of members of the Caesalpinia and Dimorphandra groups are
generally wet, non-papillate and crateriform. Stigmas from the members of the
Gleditsia and Poeppigia groups are uniformly wet, papillate. Stigmas in the
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Peltophorum group are variable: wet, non-papillate in Delonix and Moldenhauera and
wet, papillate in Peltophorum and Jacqueshuberia. Owens (1989) has also examined
the stylar transmitting zone for a few representatives from the Caesalpinieae. He found
that the tissue in this zone is solid in Gleditsia (Gleditsia group), Jacqueshuberia
(Peltophorum group), and Poeppigia (Poeppigia group), and Iysigenous in
Campsiandra (Peltophorum group), Caesalpinia (Caesalpinia group) and Pterolobium
(Caesalpinia group).
In a closer examination of representatives from the Caesalpinieae with wet,
non-papillate, crateriform stigmas, Owens (1990) found that the stigma crater is filled
with a droplet of stigmatic fluid. In addition, the hairs around the margin of the stigma
crater are not receptive to pollen.
The wet, non-papillate, crateriform stigma, like that found in the Caesalpinia
and Dimorphandra groups, and Delonix (Peltophorum group), is also found in the
Mimosoideae (Lewis and Elias, 1981; Kenrick and Knox, 1989) and in Cassia, Senna
and Chamaecrista from the Cassieae (Dulberger, et al., 1994). The majority of other
legumes (including the largest subfamily, the Papilionoideae), however, have wet
papillate stigmas (Heslop-Harrison and Shivanna, 1977). There is no apparent
correlation between pollinator and stigma morphology in the Caesalpinieae (Owens,
1990), but then very little is known about pollination in this tribe.
Studies of stigma development are less common than those of mature stigma
form, but stigma development has been useful in a systematic study of the
Bromeliaceae (Brown and Gilmartin, 1988). Within the Caesalpinieae, several patterns
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have been found in stigma development. These features have been used as characters
in the phylogenetic analysis of the family (Ch. 4). Some of these features are whether
the distal end of the carpel becomes flattened or not at the start of stigma development;
whether stigma development starts terminally on the carpel or laterally, and whether the
carpel cleft fuses completely in the developing stigma.
Pollination-related Specializations
Very few pollination studies have been done on members of the Caesalpinieae.
Caesalpinia pulcherrima is reported to be pollinated principally by butterflies (Cruden
and Hermann-Parker, 1979). Delonix regia is apparently bird-pollinated in Java (van
der Pijl, 1934) and India (Ali, 1932); however, no information is available on
pollination of D. regia in its native Madagascar. The majority of other taxa are thought
to be primarily bee pollinated (Arroyo, 1981; Lewis, pers. comm.).
Within the Caesalpinia and Peltophorum groups, there are several floral features
which are apparently associated with protecting the flower from nectar robbers. In
some species the adaxial or standard petal base appears to be somewhat thicker than
that of the other four petals, and is tightly appressed to the stamen filaments at its base.
In addition, the adaxial petal and adaxial anther filament bases (as in Hoffmannseggia
drepanocarpa) are sometimes modified so that they occlude the passage to the nectary.
The petal claw can have a pad of hairs or even a lip of tissue, as in Caesalpinia
exostemma, that blocks the fenestrations at the base of the anther filaments. Grant
(1950) has suggested that the pseudosheath formed by the stamen filaments is a method
of protecting the ovary from destruction by pollinators. However, it seems equally
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likely that it is a method o f protecting the nectar from nectar robbers and forcing the
pollinator to push its way into the flower thereby coming in close contact with the
anthers and stigma.
CLASSIFICATION IN THE CAESALPINIA GROUP
Based on the evidence from the floral development of the representatives from
the Caesalpinia group examined in this study, certain conclusions can be made about
which taxa truly deserve generic status. Cenostigma gardneriaimm does not appear to
have any features which are unique to it in this group beyond the character of oncepinnately compound leaves. Based on this Cenostigma does not appear to deserve
generic status. Hoffmannseggia drepanocarpa also does not have any features that are
not also found in Caesalpinia intricata. Therefore, Hoffmannseggia does not appear
to deserve generic status. However, several of the infrageneric groups within
Caesalpinia sensu lato, recognized by Lewis (1994), do have unique features which
might warrant recognizing them as distinct genera. The infrageneric groups Libidibia
and Brasilettia, in particular, are probably distinct enough to deserve generic status.
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INTRODUCTION
The ultimate goal of this entire study is to produce explicit hypotheses of
evolutionary relationships for the tribe Caesalpinieae based, in part, on floral
developmental data. In order to do this, it is necessary to examine the floral
development and mature floral form in taxa outside the tribe that potentially could be
used as outgroup taxa in a phylogenetic analysis. Because Polhill and Vidal (1981) and
the phylogenetic analysis by Tucker and Douglas (1994) have suggested that some
members o f the Caesalpinieae are basal to the family, potential outgroup taxa had to be
chosen from outside the Leguminosae.
When this project was started, the choice of an outgroup to the legume family
was complicated by the fact that few explicit hypotheses of evolutionary relationships
for the major angiosperm families including the Leguminosae were available.
Therefore, the initial choice of outgroup taxa to be examined was based on the
taxonomic literature on the subject, primarily the review by Dickison (1981). In the
taxonomic literature, several families have repeatedly been suggested as being closely
related to the Leguminosae. The two families most commonly suggested as the sister
groups to the legumes are Connaraceae (Bentham and Hooker, 1862; Taubert, 1894;
Hallier, 1905; Bessey, 1915; Rendle, 1925; Wettstein, 1935; Gundersen, 1950; Benson,
1957; Schulze-Menz, 1964; Thome, 1976, 1992), and Chrysobalanaceae (Taubert,
1894; Cronquist, 1968). More recently, the Sapindaceae (Dahlgren,1977;
Thome,1981) and the Cunoniaceae (Dickison, 1981) have also been suggested as close
relatives to the Leguminosae.

R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout perm ission.

190

Since this project was started, several phylogenetic analyses which included the
Leguminosae have been published. There are currently five explicit phylogenetic
analyses of the Rosidae which include representatives of the Leguminosae: one based
on morphological data (Hufford, 1992); three based on rbcL data (Chase et al., 1993;
Morgan and Soltis, 1993; and Morgan et al., 1994); and one based on restriction maps
for the chloroplast DNA inverted repeat (Manos et al., 1993). None of these analyses
was intended to resolve relationships between the Leguminosae and other families so
all have limited sampling from the families of interest in this study. However, some
comparisons can be made. In all three rbcL studies the Polygalaceae are always the
sister group to the Leguminosae. Also in all of these analyses the Sapindaceae are only
distantly related to the Leguminosae. However, in the analysis by Morgan et al.
(1994), the Chrysobalanaceae and Connaraceae appear in a large clade that is the sister
group to the Leguminosae/Polygalaceae clade. In contrast to these studies, in the
restriction site analysis by Manos et al. (1993), the Sapindaceae are the sister group to
the Leguminosae. And in the morphological analysis by Hufford (1992), the
Leguminosae are in an unresolved clade with the Sapindales and Rhamnales, with the
Myrtales as the sister group to this clade. In Hufford’s (1992) analysis, the
Leguminosae are in a clade basal to the one which includes the Connaraceae, and the
Polygalales are only distantly related to the Leguminosae. Although the floral
morphology of legume subfamily Papilioinoideae and some members of the
Polygalaceae are somewhat similar, these two families have not been considered to be
closely related by most taxonomists because the Papilionoideae are derived within the
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legume family and because the floral morphologies have been shown to be only
superficially similar (Weberling, 1989). The agreement o f the three rbcL studies on the
Polygalaceae as the sister group to the Leguminosae suggests that the relationship of
these two families should be reconsidered.
The floral development of three species representing two families, the
Chrysobalanaceae and Sapindaceae, have been examined for use as outgroups in a
phylogenetic analysis of the Leguminosae (Ch. 4). The floral development of Licania
michauxii and Chrysobalanus icaco (Chrysobalanaceae) and Koelreuteria elegans
(Sapindaceae) are presented here and will be compared to the floral developmental
features found for the Caesalpinieae. In addition, the floral development of Connarus
conchicarpus (Connaraceae) and Ceratopetalum apetalum (Cunoniaceae) have been
studied by S.C. Tucker (unpublished data) and that of Securidaca longipedunculata
(Polygalaceae) has been studied by Kruger and Robbertse (1988). The floral
development of these species will also be discussed in relation to the results of the
floral developmental study o f the Caesalpinieae (Ch. 2).
MATERIALS AND METHODS
Chrysobalanus icaco L. was collected in May 1993 at Fairchild Tropical
Garden, Dade Co. Fla.; Licania michauxii Prance was collected in May 1994 in Bay
Co., Florida; two collections of Koelreuteria elegans (Seem) A.C. Smith were made
from two trees in Sept. 1994 on the LSU campus, Baton Rouge, LA. For each species
examined, inflorescences and floral buds of all stages of development were preserved in
FAA (Formalin-Acetic acid-Ethyl alcohol) in the field. The material was then
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examined, inflorescences and floral buds of all stages of development were preserved in
FAA (Formalin-Acetic acid-Ethyl alcohol) in the field. The material was then
transferred to 70% ethanol for storage. Dissections were done in 95% ethanol. The
dissected material was dehydrated through an ethanol-acetate series, critical-point dried
in a Denton DCP-1 apparatus, mounted on stubs with "Spot-o-glue" (Avery Co.), and
coated with gold-palladium in an Edwards S-150 sputter coater. The developmental
stages were studied and micrographs taken on a Cambridge S-260 scanning electron
microscope (SEM) at 15 kV.
RESULTS
CHRYSOBALANACEAE: UCANIA MICHAUXII (Ties. 3.1-3.341
Organography
Licania michauxii (Gopher Apple) is a low-growing perennial from the
southeastern United States with terminal and subterminal inflorescences (Prance,
1972). The inflorescences of this species are panicles of cymules. The flowers are
pentamerous, with five equal, imbricate sepals. The five petals alternate with the
sepals, and are equal and white. The species typically has 14-17 stamens, but all the
material examined in this study has 15 stamens. The stamen filaments are partially
connate at the base (Prance, 1972). The anthers are equal, dorsifixed, and laterally
dehiscent. The hypanthium is campanulate. The gynoecium is pseudomonomerous and
is attached centrally in the hypanthium. The carpel has a gynobasic style (Figs. 3.32
and 3 .33), a feature which is characteristic of the Chrysobalanaceae. The flowers
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would be radially symmetrical except that the stigma and style are exserted out of one
side of the flower making it bilaterally symmetrical (Fig. 3.34).

Inflorescence development
The main axis of the inflorescence is indeterminate, with subtending bracts and
flower primordia initiated helically (Fig. 3.1). Each flower primordium is subtended by
distinct paired bracteoles (Fig. 3.3). In all inflorescences examined, flower primordia
are also initiated in the axils of bracteoles such that the secondary inflorescence axes
are cymose (Fig. 3.2).
Flower development
The first sepal primordium is initiated in a non-median position on the abaxial
side of the floral apex (Fig. 3.4) and subsequent sepal initiation is unidirectional from
the abaxial to the adaxial side. The second sepal primordium is initiated next to the
first in the other non-median abaxial position (Fig. 3.5). It is followed by a third sepal
primordium laterally beside the first sepal (Fig. 3.6). The fourth and fifth sepal
primordia arise nearly simultaneously on the adaxial side of the flower (Fig. 3.7). The
helical spiral can be either left- or right-handed, and both occur with equal frequency.
At this stage the spacing of the sepals is such that no sepal is clearly in a median
position (Fig. 3.8). As the sepals start to expand, they assume a dorsiventral gradation
in size and degree of hair development (Figs. 3.9 and 3.10). By late stages, the sepals
have become completely covered in short straight hairs (Figs. 3.33 and 3.34). By mid
stage, the sepals are imbricate.
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Figures 3.1-3.10. Inflorescence structure and organogeny in Licania michauxii.
Abaxial side at base in all figures except Fig. 3.9, where it is at top. Subtending bracts
removed in most figures. Bar = 100 jxm in Fig. 3.1. Bars = 50 pm in Figs. 3.2-3.10.
3.1. Inflorescence tip with subtending bracts removed to show developing floral buds in
axils. 3.2. Polar view of cymose lateral branch with terminal flower removed to show
two flower primordia in the axils of the paired bracteoles. 3.3. Floral apex with two
bracteoles initiated. 3.4. Floral apex with the first sepal primordium (at arrow) initiated
in a non-median position. 3.5. Floral apex with the second sepal primordium (at arrow)
initiating on the abaxial side, next to the first sepal. 3.6. Floral apex with the third sepal
primordium initiated laterally next to the first sepal primordium. The bracteoles have
been removed. 3.7. Flower with the fourth sepal primordium (at arrow) initiated
laterally next to the second sepal primordium. The first sepal has been removed. 3.8.
Flower with all five sepal present. The fifth sepal primordium (at arrow) is on the
adaxial side but no sepal is exactly in a median position. 3.9. Oblique abaxial view of
flower showing the first petal primordium (at arrowhead) initiating in a median abaxial
position. Hairs are starting to form on the abaxial sepals. 3.10. Flower showing
initiation of the second petal primordium (at arrow) in an adaxial position. At this
stage the adaxial sepal is in a median position. B, bracteole. S, sepal.
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(Fig. 3.11). The fourth petal primordium arises in the other lateral position (Fig. 3.12),
and the fifth is initiated in the last adaxial position (Fig. 3.13). In Fig. 3.14 all petal
primordia are present. The pattern of petal initiation appears to be basically
unidirectional, but it is accelerated on one side of the flower relative to the other side.
As the petals expand and differentiate they become ovate in shape, imbricate and
covered in short straight hairs (Fig. 3.28). At maturity the petals are densely pubescent
(Fig. 3.34) on both surfaces.
The first five stamen primordia arise as a single outer whorl opposite the sepals.
The pattern of initiation in this whorl is similar to that for the petal whorl, in that it
appears to be basically unidirectional but with accelerated initiation of the stamen
primordia on one side of the flower. The first two outer stamen primordia are initiated
simultaneously on the abaxial side of the flower (Fig. 3.15). The third stamen
primordium is initiated in one of the lateral positions (Fig. 3.16) and the fourth stamen
primordium arises in the position opposite the adaxial sepal (Fig. 3.17). The last sepal
primordium is then initiated in the remaining lateral position (Fig. 3.18).
The rest o f the stamens, ten stamens in all the material examined, arise as a
single whorl in sites opposite the five petals. A pair of inner stamen primordia is
initiated simultaneously opposite each petal, but each appears to arise between the petal
and an adjacent outer stamen when there is a large enough gap between the two
organs. The pattern of inner stamen initiation is unidirectional from the abaxial to the
adaxial side of the flower. The first four inner stamen primordia are initiated abaxially
(Fig. 3.19, at arrows). Then the four lateral inner stamen primordia are initiated; in Fig.
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Figures 3.11-3.22. Organogeny in L. michauxii, continued. Abaxial side at base in all
figures except Fig. 3.13, where it is at top. Some or all sepals removed in all figures
(except Fig. 3.13, with no sepals removed). Bars = 50 pm. 3.11. Flower showing
initiation of the third petal primordium (at arrow) laterally between the first and second
petal primordia. 3.12. Flower with the fourth petal primordium (at arrow) initiating in
the other lateral position. 3.13. Lateral adaxial view of flower showing initiation of the
last petal primordium in an adaxial position. 3.14. Flower showing the relative sizes of
the petal primordia after all have been initiated. 3.1S. Floral apex showing initiation of
the first two outer stamen primordia (at arrows) on the abaxial side. 3.16. Flower
showing the third outer stamen primordium (at arrow) initiating in one of the lateral
positions. 3.17. Flower with the fourth outer stamen primordium (at arrowhead)
initiated in the median adaxial position. 3.18. Floral apex with the fifth outer stamen
primordium (at arrow) initiated in the remaining lateral position. 3.19. Flower with all
five outer stamen primordia present and the first four inner stamen primordia (at
arrowheads) being initiated on the abaxial side. The three carpels have also been
initiated. Three petals have been removed. 3.20. Flower with the next two inner stamen
primordia (at arrowheads) initiating in a unidirectional pattern. All petal primordia
removed. 3.21. Flower with eight inner stamen primordia (last two at arrowheads)
initiated. Four petals removed. 3.22. Flower with the last inner stamens being initiated
opposite one of the adaxial petals. S, sepal; P, petal; A, outer stamen; a, inner stamen.
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3.20, six stamen primordia are present (at arrows) and in Fig. 3.21, eight of the ten
inner stamen primordia have been initiated. The last two stamen primordia arise
opposite the smallest adaxial petal (Fig. 3.22). In Fig. 3.22 and Fig. 3.23, nine of the
ten inner stamen primordia have been initiated. In Fig. 3.24, all inner stamen primordia
are present. The pair of inner stamens opposite each petal do not appear to arise from
a common primordium.
During mid-stage development the stamen primordia become cylindrical and
start to arch downward and inward into the developing hypanthium (Fig. 3.26 and
3.27). At a later stage the anthers and filaments begin differentiating (Fig. 3.29). This
arching o f the stamens is enhanced by hypanthium development (Fig. 3.29). Coiling or
curving of the filaments continues through mid-stage until anthesis (Fig. 3.31). At
maturity, the outer (or abaxial) surface of the anthers does not have a median groove
(Fig. 3.31). The stamen filaments become partially fused at the base (Fig. 3.33).
Three carpels are initiated in L. michauxii. They are first visible as small
protuberances in the center of the flower primordium at the stage when the outer
stamens are all present and the first inner stamens are just being initiated (Fig. 3.19).
None of the carpels is directly in the median sagittal plane of the flower. Initially they
are separate (Figs. 3.24 and 3.25), at a height of approximately 65 um. But as they
expand, to a height of approximately 100 pm, they become appressed (Fig. 3.26). The
originally distinct carpels become laterally confluent in the portions below the free tips
(Fig. 3.25). Later in development, the ovaries of two of the carpels are suppressed
leaving a single developing ovary (Fig. 3.30). The stigma is also differentiating as a
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Figures 3.23-3.34. Mid- and late-stage flower development in L. michauxii. Abaxial
side at base in Figs. 3.23-3.26, 3.28. Sepals removed in Figs. 3.23-3.32. Petals removed
in Figs. 3.23-3.27, 3.29-3.32. Bars = 50 pm in Figs. 3.23-3.27, 100 pm in Figs. 3.283.32, and 500 pm in Figs 3.33-3.34. 3.23. Polar view of flower with nine of the ten
inner stamen primordia initiated and the three carpel primordia clearly visible. 3.24.
Flower with all ten inner stamen primordia present. The carpels are expanding the the
tips are not yet appressed. All five outer stamen primordia removed. 3.25. Lateral view
of three carpels with free tips, height approximately 65 pm. 3.26. Polar view of flower
showing the carpel margins becoming appressed. 3.27. Lateral view flower at same
stage as in 3.26, showing that the stamen primordia are starting to lean in towards the
carpels. Carpel height approximately 100 pm. 3.28. Flower showing imbricate petal
aestivation and hair formation on the petals. 3.29. Flower with the anthers and
filaments differentiating and continuing the arch inwards. The stigma is developing as a
papillate terminus. 3JO. Oblique view of three carpels showing that only one of the
ovaries is expanding. The two other ovaries are suppressed. The developing style and
stigma are composed of tissue from all three carpels, as can be seen by the three sutures
on the style. 3.31. Outer (abaxial) surface of mid-stage stamen, showing warty nature
of surface, lack of median groove, and bending of filament. 3.32. Lateral view of mid
stage carpel, showing single glabrous ovary, gynobasic style, and trilobate papillate
stigma. 3.33. Lateral view o f open flower with side cut away to expose the carpel with
gynobasic style. The stamen filaments are partially fused at the base. 3.34. Polar view
of open flower, showing that the petals are quite hairy and the style and stigma (at
arrow) to side of flower. A, outer stamen; a, inner stamen.

R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout perm ission.

Figures 3.23-3.34.

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.

202

trilobate, terminal papillate structure (Figs. 3.29, 3.30 and 3.32). The style also has
three sutures. As can be seen in Fig. 3.32, the developing ovary expands outward and
upward causing the style, which is composed of tissue from all three carpels, to become
gynobasic. The two suppressed ovaries become covered in hairs (Fig. 3.33), but the
fertile ovary remains glabrous (Fig. 3.32). Near anthesis, the style elongates greatly
(Fig. 3.33). The three sutures on the style are still visible at this stage.
The hypanthium is first visible at the time that inner stamens are being initiated
(Fig. 3.24). During mid-development the hypanthium expands (Fig. 3.29) and the
stamens become located along the rim. At the same time, short straight hairs start
developing in the hypanthium (Fig. 3.30) and by anthesis the hypanthial walls are
densely pubescent (Fig. 3.33). The hypanthium becomes campanulate in shape by
anthesis (Fig. 3.33).
CHRYSOBALANACEAE: CHRYSOBALANUSICACO (Figs. 3.35-3.50)
Organography
Chrysobalanus icaco (Cocoa Plum) is a shrub or small tree to 5 m tall with
terminal and axillary inflorescences (Prance, 1972). The inflorescences are cymose.
The flowers of C. icaco, like those of L. michauxii, are pentamerous. The five sepals
are equal, imbricate and green. The five petals alternate with the sepals and are equal,
white, strap-shaped, and glabrous (Fig. 3.49). The stamen number is variable. The
anthers are dorsifixed with introrse anther slits. The hypanthium is cupuliform. The
gynoecium is pseudomonomerous and is attached centrally in the hypanthium. The
carpel has a gynobasic style, as in L. michauxii. The flowers would be radially
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symmetrical except that the stigma and style are exserted out of one side of the flower,
making it bilaterally symmetrical.
Inflorescence and flower development
The inflorescences in all the material examined are cymose (not shown), unlike
those of L. michauxii. Each flower is subtended by a pair of bracteoles. The first
sepal primordium is initiated in a non-median position on the abaxial side of the flower
(Fig. 3.35) as in L. michauxii. However, the subsequent pattern of sepal initiation in C.
icaco is helical, unlike that ofZ. michauxii. The second sepal primordium is initiated in
the median adaxial position (Fig. 3.36). The third sepal primordium is initiated next to
the first in an abaxial position. The fourth sepal primordium is initiated laterally
between the first and second sepal primordia (Fig. 3.37). The last sepal primordium
arises laterally between the second and third sepals (Fig. 3.38). At mid- and late-stages
the sepals are imbricate and their inner and outer surfaces are completely covered in
short hairs.
The order of petal initiation is the same as for L. michauxii. Petal initiation
starts on the abaxial side and is basically unidirectional but with accelerated initiation of
primordia on one side of flower, as can be seen by the relative sizes o f the petal
primordia (Fig. 3.40). As the petals expand, the primordia remain gradate, reflecting
the order of initiation (Fig. 3.41) during organogeny, but eventually the petals equalize
in size. The pattern of overlap among petals is irregular (Fig. 3.42). The petals of C.
icaco differ from those of L. michauxii in that they remain glabrous (Fig. 3.49). They
also are narrower (Fig. 3.49) than those o fL. michauxii.
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Outer stamen initiation in C. icaco is unidirectional from the abaxial to the
adaxial side. After the petal primordia are initiated, large gaps are left between them
(Fig. 3.41). The outer antesepalous stamens are initiated in these gaps unidirectionally
from the abaxial side (Fig. 3.43), as can be seen from the gradation in size of the outer
stamen primordia. After the stamen primordia are initiated, they immediately start to
arch inward.
Initiation of the inner antepetalous whorl of stamens is unidirectional, starting
from the abaxial side (Fig. 3.44). Initiation of the inner whorl of stamens begins
similarly to that found in L. michauxii but with two major differences. One difference
is that four stamen primordia are initiated in the site opposite each petal primordium
(Figs. 3.44 and 3.45) instead of the two primordia found opposite each petal inZ.
michauxii. Of the four stamens initiated opposite each petal, the two adjacent to the
outer stamens appear to be initiated before the other two (Fig. 3.44, at arrows). The
two more internal primordia (not adjacent to an outer stamen primordium) also appear
to be slightly lower down on the developing hypanthial wall than the first two inner
stamens. The other difference between inner stamen initiation in C. icaco and L.
michauxii is that in C. icaco there is a general suppression or abortion of stamen
primordia on the adaxial side of the flower (Figs. 3.46 and 3.47). This suppression of
stamens tends to obscure the direction of inner stamen whorl initiation and results in
irregular total numbers o f stamens in the inner whorl.
As the outer and inner stamens enlarge, some of them become misshapen (Fig.
3.44, outer stamen on adaxial side, and Fig. 3.45, outer stamen to right of adaxial side).
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Figures 3.35-3.50. Flower development in Chrysobalanus icaco. Abaxial side is at
base in Figs. 3.35-3.45, 3.47, and at left side in Fig. 3.46. Subtending bracts removed in
all figures. Some or all sepals removed in Figs. 3.37-3.48. Petals removed in Figs. 3.433.47. Bars = 50 tun in Figs. 3.35-3.46 and 3.50, 100 tun in Figs. 3.47-3.48, and 500
tun in Fig. 3.49.3.35. Floral apex with the first sepal primordium initiating in a non
median abaxial position. 3.36. Floral apex with the second sepal primordium initiated in
a median adaxial position. 3.37. Flower showing the third sepal primordium initiated on
the abaxial side, next to the first sepal primordium. The first and second sepal primordia
have been removed. 3.38. Flower with the fourth sepal primordium (at arrow) initiated
laterally between the first and second sepal primordia (removed). 3.39. Flower with all
the sepals initiated helically. The fifth sepal primordium initiated laterally between the
second and third sepal primordia. 3.40. Flower with all five petal primordia initiated.
The petal primordia on one lateral side are larger than those on the other side, because
of accerlerated initiation of petal primordia on one side. 3.41. Flower showing petal
primordia expanding, the difference in size from the order of initiation is still evident.
There is also space between each petal primordia at the point of attachment. 3.42.
Flower showing the start of petal overlap. The pattern of petal aestivation is irregular.
3.43. Flower with all five outer stamen present, initiated unidirectionally from the
abaxial side. The two carpels have also been initiated, neither is in the median sagittal
plane. 3.44. Flower showing initiation of the inner stamen whorl starting on the abaxial
side and proceeding unidirectionally to the adaxial side. Four inner stamen primordia
are initiated opposite each petal. The margins of the two carpels have become
appressed, at a height of approximately 80 pm. 3.45. Flower showing the start of
suppression of the stamens on the adaxial side. There are large differences in size
among the stamen primordia. 3.46. Lateral view of flower showing size differences
among the stamen primordia and the arching inward of the stamen primordia. The
carpel is approximately 95 pm high. 3.47. Mid-stage flower showing differentiation of
the anthers and filaments. No stamens are visible on the adaxial side. The style and
stigma are also starting to form and are composed of tissue from both carpels, as
evidenced by the two sutures on the style and the bilobed stigma. Hairs are forming on
the carpel. 3.48. Lateral view of mid-stage carpel. The ovary is densely pubescent, but
some of the hairs have been removed from one side to show the gynobasic attachement
of the style. The stigma is terminal papillate and cleft. 3.49. Lateral view of late stage
flower, showing a glabrous, strap-shaped petal and the partial basal fusion of the
stamen filaments. 3.50. Dehisced anther showing the warty surface and hairs along the
anther slits. S, sepal; P, petal; A, outer stamen.
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The stamens differ greatly in size (Fig. 3.46) with the adaxial stamens being the largest.
As the anthers and filaments start to differentiate (Fig. 3.47) the stamens become more
equalized in size. As the stamens differentiate, they are very tightly packed and their
elongating filaments tend to arch in towards the carpel and coil (Fig. 3.47). By
anthesis, the stamen filaments become partially fused at the base (Fig. 3.49). The
mature anthers have a warty surface and hairs develop along the anther slits (Fig. 3.50).
Two carpels are initiated in C. icaco. The carpels are not initiated in line with
the median sagittal plane or at right angles to it. They are clearly visible by the time all
the outer stamens have been initiated (Fig. 3.43). They are also already confluent at
the base at this stage. As the carpels expand, the carpel margins become appressed
(Fig. 3.44), at a carpel height of approximately 80 urn. The ovary of the carpel closest
to the adaxial side of the flower, where stamen suppression occured, is itself
suppressed. However, the suppressed carpel still contributes to the style and stigma.
This is evidenced by two sutures on the style, where the two carpels fused, and a cleft
in the stigma (Fig. 3.48). As inL. michauxii, this results in a gynobasic style at
maturity (Fig. 3.48). The stigma develops terminally (Fig. 3.47) and is bilobate and
papillate (Fig. 3.48).
The hypanthium first becomes evident during outer stamen initiation (Fig. 3.43).
The inward arching of the stamens that starts at this stage might be due to hypanthium
formation. The hypanthium continues to expand, becoming cupuliform in shape at
maturity (not shown).
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SAPINDACEAE: KOELREUTERIA ELEGANS (Fies. 3.51-3.77)
Organography
Koelreuteria elegans (Golden Rain Tree) is a tree commonly cultivated as an
ornamental in the southeastern United States. The inflorescences are terminal panicles
of cymules. The flowers are pentamerous, with five equal, imbricate sepals. The five
equal petals are yellow and distinctly clawed. There are eight stamens with dorsifixed
anthers. The anthers have introrse anther slits that dehisce their full length. The
gynoecium is composed of three fused carpels. The stamens and carpels are raised on
an extrastaminal column (Fig. 3.74). In the material examined, some flowers were
observed to be open, with the stamens and distal end of the carpel exposed before the
petals or stamen filaments had elongated. In flowers in this condition, the anthers were
not exserted above the stigma. In other flowers, the petals and stamen filaments were
expanded so that the anthers were exserted well beyond the carpel (Fig. 3.73).
Inflorescence development
The main inflorescence axis in AT. elegans is indeterminate (Fig. 3.51) with
subtending bracts and flowers initiated helically. Each floral apex produces two
bracteoles (Figs. 3.52 and 3.56). The lateral inflorescence axes are cymose (Fig. 3.53).
On all the inflorescences observed, a flower primordium was initiated in only one of the
two bracteoles below a flower (Figs. 3.53 and 3.56), so the cymes are monochasial.
Initiation of axillary flower primordia in the axils of bracteoles occurred while the first
sepal on the terminal flower was being initiated (Figs. 3.52 and 3.53).
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Figures 3.51-3.58. Inflorescence structure and sepal initiation in Koelreuteria elegans.
Abaxial side at base in all figures except Fig. 3.56 where it is at right side, labelled with
an asterisk. Subtending bracts removed in all. Bar = 100 pm in Fig. 3.51 and 50 pm in
Figs. 3.52-3.58. 3.51. Inflorescence tip with the subtending bracts removed to expose
developing floral buds. 3.52. Polar view of floral apex with two bracteoles initiated.
The first sepal primordium (at arrow) is also initiated in a non-median position. 3.53.
Polar view of a flower with two bracteoles and a secondary floral apex being initiated
in the axil of one of the bracteoles. The terminal flower shows initiation of the second
sepal primordium (at arrow) in a median adaxial position. 3.54. Floral apex with the
third sepal primordium (at arrow) initiated next to the first sepal primordium. Median
sagittal plane is indicated by lines. 3.55. Flower showing initiation of the fourth sepal
primordium (at arrow) laterally between the first and second sepal primordia. 3.56.
Lateral view of flower with all five sepals initiated helically. The fifth sepal primordium
is initiated laterally between the second and third sepal primordia Just below the
terminal flower, a lateral floral apex is initiating two bracteoles. 3.57. Flower with all
five sepals present, showing that the floral apex is convex and pentagonal in shape
before petal initiation starts. 3.58. Flower with the first petal primordium (at arrow)
initiated in a median abaxial position. F, floral apex; B, bracteole; S, sepal.
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Flower development
The first sepal primordium is initiated in a non-median position on the abaxial
side of the flower (Fig. 3.52, at arrow). Subsequent sepal initiation is helical, with the
second sepal primordium initiated in the median adaxial position (Fig. 3.53). The third
sepal primordium is initiated next to the first sepal primordium (Fig. 3.54). The fourth
sepal primordium arises laterally between the first and second sepal primordia (Fig.
3.55) and the fifth sepal primordium is initiated laterally between the second and third
sepal primordia (Figs. 3.56 and 3.57). After all the sepals have been initiated, but
before initiation of the petal whorl starts, the floral apex becomes convex and
pentagonal in shape (Fig. 3.57).
The first petal primordium is initiated in a median position on the abaxial side, of
the flower (Figs. 3.58 and 3.59, oblique view), and subsequent petal initiation appears
to be unidirectional. The order of petal initiation is somewhat difficult to observe
because the petal primordia remain small compared to the other organs during
initiation, and there is overlap in initiation between the petal and outer stamen whorls.
The two lateral petal primordia are initiated after the first (Fig. 3.60). One of the
adaxial petal primordia is initiated next (Fig. 3.61, at arrow), and then the last petal
primordium is initiated in the other adaxial position (Fig. 3.63). In a side view of a
floral apex during stamen initiation (Fig. 3.67), the stamen primordia are located above
the petal primordia; the floral apex is highly convex. The petals remain small compared
to the stamens through mid-development (Fig. 3.69) and into late stages of
development (Fig. 3.72). The petals don't appear to fully expand until sometime after

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.

212

Figures 3.59-3.69. Organogeny in K. elegans, continued. Abaxial side at base in all
figures except Figs. 3.67 and 3.69. Sepals removed in all figures. Bars = 50 pm. 3.59.
Oblique view of floral apex showing convex pentagonal shape and initiation of the first
petal primordium on the abaxial side. 3.60. Flower with the two lateral petal primordia
initiating. 3.61. Flower showing initiation of one of the adaxial petal primordia (at
arrow) and the first stamen primordium (at arrowhead). There is overlap in initiation
between the petal and stamen whorls. 3.62. Floral apex showing initiation of the second
stamen primordium opposite one of the adaxial petal primordia (at right). 3.63. Eower
with the last petal primordium (at arrow) being initiated in an adaxial position and
showing initiation of the third and fourth stamen primordia between the first two
stamen primordia. 3.64. Eower showing unidirectional stamen initiation from one
lateral side (left) to the other lateral side. 3.65. Eower with all five petal primordia and
nearly all stamen primordia present, showing that the petal and stamen primordia
remain quite small during organogeny. 3.66. Eower with all eight stamen primordia
present, showing that they are all in a single whorl. Not all of the stamens are initiated
directly opposite a sepal or petal. 3.67. Lateral view of flower showing the convex
shape of the floral apex with the stamen primordia above the petal primordia (on
flanks). 3.68. Eower showing initiation of the single triangular carpel mound (height =
approx. 25 pm). S, sepal. 3.69. Mid-stage flower showing formation of the three carpel
clefts (dimples on carpel mound) and relative size of petal primordia and stamen
primordia. Carpel height is approx. 80 pm. P, petal.
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anthesis (after the sepals have opened). Late in development the petals become clawed
(Fig. 3.73). The clawed petals have long straight hairs on the claws and large auricles
at the base of each blade (Fig. 3.75).
The eight stamens arise in a single whorl. The order of stamen initiation is
difficult to determine because the stamen primordia remain very small until after all are
initiated. It appears that the first stamen primordium arises on the abaxial side in a
position that is near but not directly opposite either the median abaxial petal
primordium or the first sepal primordium (Fig. 3.61, at arrowhead). After the first
stamen primordium is initiated, another stamen primordium is initiated in a position
opposite the adaxial petal primordium; the one on the same side of the median plane of
the flower as the first stamen primordium (Fig. 3.62). After the first two stamen
primordia are initiated, two more stamen primordia arise in positions between them
(Fig. 3.63) and subsequent stamen initiation appears to be unidirectional from that
lateral side to the other (Figs. 3.64 and 3.65). The two stamen primordia on the abaxial
side do not appear to be directly opposite any other organ but the other six stamen
primordia are all directly opposite either a petal or a sepal (Fig. 3.66). At this stage, as
can be seen in a side view, the floral apex is dome-shaped, with the stamen primordia
high on the flanks above the petal primordia (Fig. 3.67). By the time of mid
development, the eight stamen primordia all appear as a single whorl (Figs. 3.68 and
3.71). As the anthers expand, they remain approximately equal in size (Fig. 3.69). The
anthers start to differentiate before the filaments are visible (Fig. 3.70). Then hairs
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Figures 3.70-3.77. Mid- and late-stage flower development in K. elegans. Sepals
removed in all figures. Bars = 100 pm in Figs. 3.70-3.71, 3.76-3.77; 500 pm in Figs.
3.72, 3.74-3.75; and 1mm in Fig. 3.73.3.70. Mid-stage flower showing differentiation
of the anthers and showing formation o f the locules. The carpel bases are confluent but
the ends are still free and the margins are not yet appressed. 3.71. Later stage flower
showing formation of hairs on the anthers and the three carpels tips still free. The petals
have not been removed, but are too small to see below the expanding anthers. 3.72.
Oblique view of flower showing that the petals (with acuminate tips) are still small
compared to the anthers. The surface of the anthers is warty and hairy. 3.73. Late-stage
flower with all but one petal removed to show the small size of the gynoecium relative
to the stamens. The gynoecium is completely obscured by hairs. 3.74. Lateral view of
late-stage flower showing the extrastaminal column. 3.75. Late stage petal showing the
claw, with hairs on it, and the auricles at the base of the petal blade. 3.76. Anther with
hairs and warts on surface. 3.77. Late stage stigma showing three sutures, where the
three carpels became appressed, and papillae formed along the sutures. P, petal.
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form on the anthers (Fig. 3.71). At late stages the surface of the anthers is warty (Figs.
3.72 and 3.76). The hairs on the anthers are still visible at anthesis (Fig. 3.76).
A single triangular-shaped carpel mound forms from the remaining floral apex,
alter the stamen primordia are all initiated (Fig. 3.68, height approximately 25 um).
From this single carpel mound, three carpels form. The carpel clefts are first visible as
three dimples on the flat top of the mound, around a central raised area (Fig. 3.69); the
gynoecium is approximately 80 um high. As the carpels enlarge, the central region of
tissue remains undifferentiated (Fig. 3.70), and does not heighten. The carpels are
always confluent marginally and at their base, but the tips of the three carpels are free
throughout mid- development (Fig. 3.71). Late in development, the gynoecium
becomes completely obscured by hairs (Fig. 3.72). At anthesis the tips of the carpels,
the stigmatic region, appear fused, with small papillae along the sutures (Fig. 3.77).
In flowers in which the petals and stamen filaments had expanded, there is a
small circular cup between the whorl of stamens and the petals (Fig. 3.73). In addition,
an extrastaminal column is present (Fig. 3.74) but both of these apparently arise very
late in development because they are only visible in flowers at anthesis.
DISCUSSION
The purpose of this study is to obtain information on floral development from
families that have been identified as possible outgroups to the Leguminosae. The
information on floral development from the representatives for most of the families
discussed here has been included in a phylogenetic analysis of the legumes. This is not
meant to determine which family is the most likely sister group to the legumes. Such a
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review has been done previously (Dickison, 1981). This study is simply a comparison
of the floral development in families that are possibly related to the Leguminosae. The
true sister group to the Leguminosae can be determined only by a phylogenetic analysis
of all the pertinent families. Since information on floral development is available for
only a few of the relevant families, such an analysis based on floral development is not
yet possible.
INFLORESCENCE STRUCTURE
The patterns of inflorescence structure found in the Leguminosae are also found
in the representatives examined from the Chrysobalanaceae, Connaraceae, Sapindaceae,
Cunoniaceae, and Polygalaceae. The inflorescences of Secitridaca longipedunculata
(Kruger and Robbertse, 1988) are described as being simple racemes, like those of the
majority of legumes (Tucker, 1987). Chrysobalcmus icaco (Chrysobalanaceae),
Connarus conchicarpoiis (Connaraceae) and Ceratopetalum apetalum (Cunoniaceae)
have cymose inflorescences, like those found for Poeppigia procera. Licania
michauxii (Chrysobalanaceae) and Koelreuteria elegans (Sapindaceae) have
inflorescences like those found in Gymnocladus dioica and Dialium guineeme
(Tucker, in prep.), in which the main inflorescence axis is indeterminate but the lateral
branches are cymose. In addition, all of the outgroup taxa examined in this study have
paired bracteoies initiated by the floral apex.
POSITIONS OF ORGANS AND ORIENTATION OF FLOWERS
The first sepal is initiated in a non-median position in the representatives from
four of the families (the position of initiation of the first sepal in Ceratopetalum
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apelalum from the Cunoniaceae is unclear). This suggests that a median position for
the first sepal is a derived state within the Leguminosae.
None of the outgroup taxa examined showed the differential growth of the first
sepal into a median position, as seen in the Peltophorum group members from the
Caesalpinieae. The flowers in the outgroup taxa are all oriented with the median
sagittal axis of symmetry bisecting the uppermost (adaxial) sepal and the lowermost
(abaxial) petal. The orientation of the flowers is most important in the comparison
between the members of the Polygalaceae and the Papilionoideae. Papilionoid flowers
generally have a standard petal, the uppermost or adaxial median petal, two wings (or
lateral petals) and two keel petals (the abaxial petals). Flowers in the Polygalaceae are
superficially similar to those of the Papilionoideae. However, the orientation of the
flowers is reversed, such that there are two petals on the adaxial side that function like
the standard petal in the Papilionoideae and there is one petal on the abaxial side
instead of the two keel petals. An additional difference is that the structures in the
Polygalaceae flowers that look similar to the wing petals in the papilionoid flowers are
actually petaloid sepals (Weberling, 1989).
PATTERN OF ORGAN INITIATION
Sepal whorl
Chrysobalanus icaco, Koelreuteria elegans, Connarus conchicarpus and
Ceratopetalum apetalum all have helical sepal initiation. Helical sepal initiation has also
been found in two other members of the Sapindaceae. Payer (1857) showed helical
sepal initiation occuring in Koelreuteria paullinioides and Cardiospermum
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halicacabum. The information on sepal initiation for Securidaca longipedunculata is
incomplete. But from the stages shown by Kruger and Robbertse (1988), sepal
initiation appears to be helical for S. longipedunculata as well. Licania michauxii
differs from the other species examined in having unidirectional sepal initiation. The
exact pattern is similar to that found for Lemuropisum edule (from the Peltophorum
group). The occurrence of unidirectional organ initiation in L. michauxii is of interest
since it has been reported for relatively few taxa outside the legumes (Tucker, 1984).
Petal whorl
Petal initiation is helical in the two representatives from the Chrysobalanaceae
and is reported to be helical for Connarus conchicarpus and Ceratopetalum apetalum
(Tucker, 1987). The pattern of petal initiation in Securidaca longipedunculata is
reported to be simultaneous (Kruger and Robbertse, 1988); however, in at least one of
the stages shown for this species, the pattern actually appears to be unidirectional.
Unidirectional petal initiation then appears to occur in both the Polygalaceae and the
Sapindaceae. Unidirectional petal initiation is typical of many Leguminosae (Tucker,
1987), but helical petal initiation occurs in taxa that are thought to be basal within the
legumes, i.e. Gleditsia (Tucker, 1991).
Stamen whorl
The representatives from the Polygalaceae and the Sapindaceae together are
strikingly different in the pattern of stamen initiation from the other families examined,
including the Leguminosae. In the Leguminosae, Chrysobalanaceae, Connaraceae
(Tucker, unpub. data) and Cunoniaceae (Tucker and Douglas, 1994), the stamens are
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generally initiated in two whorls, one opposite the sepals and one opposite the petals.
In Connarus conchicarpus, one of the whorls is suppressed duing development, thus
the mature flowers have only five stamens and five small staminodia. In the
representatives from the Chrysobalanaceae, there are more than five stamens in the
antepetalous whorl, but the exact number is variable. The pattern found in the
representatives from the Polygalaceae and the Sapindaceae differs in that the stamens
arise in a single whorl, and not all the stamens are directly opposite either a sepal or a
petal. The difference in the pattern of stamen initiation is correlated with a difference in
the number of stamens: eight in Koelreuteria elegans and Securidaca
longipedunculata, and typically ten in the Leguminosae. This correlation might
suggest that a partial loss of stamens (from ten to eight or fewer) could lead to a shift
from two whorls to one due to more efficient packing. However, in those species of
legumes in which the number of stamens is reduced, such as Saraca (Detarieae), the
pattern of two whorls of stamens (antesepalous and antepetalous) is retained.
OVERLAPPING ORGAN INITIATION
Overlap in the timing of initiation of different organ whorls is common in the
Papilionoideae (Tucker, 1987) and occurs in a few members of the Caesalpinia group in
the Caesalpinieae (Hoffmannseggia, Haematoxylum, and a few species of
Caesalpinia). Therefore, it is of interest that it is also found in one of the outgroup
taxa, Koelreuteria elegans (Sapindaceae).
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STIGMA DEVELOPMENT AND MORPHOLOGY
The stigma morphology is terminal papillate in all of the outgroup taxa
discussed here. None of the more complicated forms of stigma morphology, such as
crateriform stigmas that were found in the Leguminosae occurs in the representative
outgroup taxa examined in this study.
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INTRODUCTION
It has long been suggested that the tribe Caesalpinieae is not a natural
(monophyletic) group (Polhill, et.al., 1981). The tribe Caesalpinieae is thought to
contain taxa that are basal to the legume family as well as taxa considered to be basal to
other tribes and subfamilies within the legumes (Polhill, et.al., 1981). For this reason it
is a critical group to study for resolving higher level relationships within the
Leguminosae. The paraphyletic nature of the Caesalpinieae has been confirmed by
several recent analyses; one based on traditional morphological characters (Chappill,
1995), one based on floral development and traditional morphological characters
(Tucker and Douglas, 1994), and one based on the chloroplast gene rbcL (Doyle,
1995). However, the results of these studies conflict as to the exact relationships
within the informal taxonomic groups of the Caesalpinieae and between these groups
and other major lineages within the family.
The majority of species in the Caesalpinieae (representing much of the floral
morphological diversity in the tribe) are included in two informal taxonomic groups, the
Caesalpinia and Peltophorum groups by Polhill (1994). Studies have been done on the
evolutionary relationships within the Caesalpinia group (Lewis, 1994; Simpson, pers.
comm, with S.C. Tucker) and on the evolutionary relationships within the
Leguminosae, including a few representatives from the Caesalpinieae, (Chappill, 1995;
Tucker and Douglas, 1994; Doyle, 1995). But no study has been completed that
includes multiple representatives from within the informal taxonomic groups of the
Caesalpinieae and representatives from the other major taxonomic groups within the
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Leguminosae. The primary goal of this study is to test the monophyly of the
Caesalpinia and Peltophorum groups by using floral development and traditional
morphological characters. Because the monophyly of these two groups is uncertain
and because their relationship to other lineages within the family is unknown, it was
necessary to include representatives from other groups within the family.
Based on Polhill and Vidal’s 1981 treatment, the Caesalpinia and Peltophorum
groups of the Caesalpinieae appear to be closely related, united by the character state
of introrse anther slits (compared to lateral slits in Sclerolobium and Pterogyne
groups). However, Polhill and Vidal (1981) suggested that the genus Caesalpinia is
not monophyletic as currently circumscribed and that some of the other genera in the
Caesalpinia group could possibly be nested within Caesalpinia. Lewis (1994), in a
study of the new world members of Poincianella and Erythrostemon, informal
infrageneric groups of Caesalpinia, included representatives from the 12 genera in the
Caesalpinia group of Polhill (1994). Lewis found them all to be nested within
Caesalpinia sensu lato, confirming that the genus Caesalpinia is not monophyletic.
However, conclusions that can be made from his analysis about the relationships
between Caesalpinia group and Peltophorum group members are limited because he
used Peltophorum as an outgroup. Lewis’s conclusions will be discussed later.
The explicit goals of this study are: 1) To test the monophyly of Caesalpinia
sensu lato. Lewis (1994) recognized eight infrageneric groups within Caesalpinia
sensu lato, including the two previously recognized subgenera, Mezoneuron and
Guilandina. All of these infrageneric groups are represented in this study. Included in
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my phylogenetic analysis are two representatives from all but three of these infrageneric
groups (the infrageneric groups of Guilandina, Biancaea, and Erythrostemon have only
one representative each). Additionally, three genera with close affinities to Caesalpinia
sensu lato have been included in the analysis, with the aim of resolving relationships of
some taxa within and adjacent to Caesalpinia.
2) To better define tribe Caesalpinieae (see Ch. 2). Because this analysis is
based on a new source of data not previously used for defining tribes in the
Leguminosae, it is possible that new characters will be found that unite the members of
the Caesalpinieae.
3) To recognize monophyletic lines within Caesalpinieae. In Polhill (1994) the
tribe Caesalpinieae is split into nine informal taxonomic groups, five are represented in
this analysis. In particular the monophyly of the Caesalpinia and Peltophorum groups
will be tested.
4) To clarify relationships between Caesalpinieae and other caesalpinioid tribes
as well as with the mimosoid and papilionoid lineages. Floral developmental data on
representatives from each of the caesalpinioid tribes and the mimosoid and papilionoid
subfamilies has been collected by Tucker and others; I have included these data with
my own on Caesalpinieae (see Ch. 2) in the phylogenetic analysis.
5) To explore the significance of organogenetic differences in inflorescence
formation, floral organogeny, and floral specializations. Floral development has several
advantages as a source of data for phylogenetic studies. First, floral structure is often
diagnostic for taxa in Caesalpinieae (see Ch. 2). Second, development is useful for
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evaluating homology of structures (Tucker and Douglas, 1994). In at least some cases,
it can rule out homology, in situations in which two structures appear similar at
maturity but develop differently. Third, flowers grow determinately, meaning that there
is a discrete beginning and end to their development. This allows for identification of
equivalent stages in development to compare between taxa. Fourth, floral development
provides discrete characters (necessary for cladistic analysis). Lastly, floral
development had provided many new characters that are not visible at maturity and can
only be seen during development (ephemeral characters).
MATERIALS AND METHODS
CHOICE OF TAXA
A total of 53 taxa are included in the phylogenetic analysis. These include
representatives from each of the four tribes of the Caesalpinioideae (Caesalpinieae,
Cassieae, Cercideae, and Detarieae), three Mimosoideae, three Papilionoideae, and five
outgroup taxa. The taxa chosen are ones for which an essentially complete ontogeny is
available. The developmental data for Haematoxy/um campechianum and
Erythrophleum suaveolens in the Caesalpinia group and for other taxa outside the
Caesalpinieae come from Tucker (see listed refs.), and were coded for analysis by me.
The taxa outside the Caesalpinieae included in this analysis were chosen for floral
development studies by Tucker because they are diagnostic for their respective
taxonomic groups (Tucker and Douglas, 1994).
An effort was made to get developmental material of representative species
from each of the major informal groups of Caesalpinieae (as delimited by Polhill and
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Vidal, 1981). However, for three of the groups either no material could be obtained,
or the material that was obtained was not informative (not enough material or only late
material). These three groups (Sclerolobium, Acrocarpus and Pterogyne) will not be
included in this analysis. I am continuing to seek material from these groups, which
eventually can be studied and added to this data matrix.
Two representatives from all but three of the infrageneric groups (Guilandina,
Bianceae, and Erythrostemon have only one representative each) have been included in
the phylogenetic analysis. Two representatives is considered valid since little variation
in floral morphology and development was observed within most of the infrageneric
groups. Additional species from the Poincianella infrageneric group have been
examined but were not included in the analysis because they were not observed to
differ from either Caesalpinia exostemma or C. pannosa, the two representatives
included from Poincianella.
Outgroups were chosen based primarily on the review by Dickison (1981) and
on Tucker and Douglas (1994) as discussed in Chapter 3. Obtaining developmental
material of the outgroup families was not easy, but the taxa sampled are each thought
to be sufficiently representative of the family to serve in this study. The representative
from the Polygalaceae discussed in Chapter 3 0Securidaca longipedunculata) has not
been included as an outgroup because very limited information on the floral
development was available for that species; the characters that were available were
similar to those for Koelreuteria elegans from the Sapindaceae.
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CHOICE OF CHARACTERS
The data matrix includes 85 characters: 18 characters which can only be
determined during development, 11 which are best observed during development, and
56 conventional morphological characters (listed in Table 4.1). The conventional
morphological characters include both vegetative and reproductive characters. All
characters were selected for the discreteness among character states and for reasonably
complete information for the taxa included. Most of the conventional floral characters
were chosen based on personal observation, but the conventional vegetative characters
were based primarily on data from the literature. The conventional characters and
character-states used in the analysis are from descriptions of genera and species in
Oliver (1871), Baker (1879), Hutchinson and Dalziel (1928), Britton and Rose (1930),
Hutchinson (1964), Brenan (1967), Prance (1970), Carter (1974), Isely (1975),
Robertson and Lee (1976), Gunn (1981), Owens and Lewis (1989), Isely (1990), and
Gentry (1993). Some of the floral developmental and mature floral characters are
taken from Tucker (1984, 1987a, 1987b, 1988a, 1988b, 1988c, 1989a, 1989b, 1991a,
1991b, 1992,1994), Tucker, et al. (1985), Ramirez-Domenech and Tucker (1989,
1990), Derstine and Tucker (1991), Tucker and Douglas (1994), and Tucker
(unpublished data).
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Table 4.1. List of characters and character states. All are unordered. ** = characters
which can only be determined during development. * = characters which are best
observed during development.
A. Inflorescence structure and development characters
*1.
Terminal flower in inflorescence: 0, present; 1, absent.
*2.
Flower primordia produced in axils of bracteoles (at least some branches of
inflorescence cymose): 0, no; 1, yes.
*3.
Order of organ development among flowers in inflorescence: 0, sequential; 1,
simultaneous.
*4.
Bracts subtending flowers in inflorescence: 0, no bracts; 1, bracts simple; 2, bracts
trilobed.
*5.
Gland present on subtending bract: 0, with gland on tip; I, without gland on tip;
2, bract absent.
*6.
Paired bracteoles present below each flower 0, absent; 1,imbricate; 2,valvate or
connate.
7.
Numbers of orders of branching in inflorescence: 0, two; (racemeor spike); 1,
three or more (panicle, head, pseudoraceme, cyme).
8.
Inflorescence position: 0, terminal; 1, axillary or at nodes.
9.
Inflorescence symmetry: 0, helical; 1, not helical.
10. Number of senescence scars on pedicel: 0, one; 1, two.
B. Organogeny characters
** 11. Position of first sepal: 0, median abaxial; 1, non-median abaxial; 2, median
adaxial.
**12. Order of sepal initiation: 0, helical; 1, unidirectional from abaxial to adaxial; 2,
bidirectional; 3, simultaneous; 4, Dialium type (nearly helical pattern found in
Dialium guineense); 5, unidirectional from adaxial to abaxial.
**13. Order of petal initiation: 0, helical; 1, unidirectional from abaxial to adaxial; 2,
simultaneous; 3, bidirectional.
**14. Order of outer stamen whorl initiation: 0, helical; 1, unidirectional from abaxial to
adaxial; 2, simultaneous; 3, bidirectional.
**15. Order of inner stamen whorl initiation: 0, helical; 1, unidirectional from abaxial to
adaxial; 2, simultaneous.
**16. Organ initiation: 0, no overlap in initiation between organ whorls; 1, overlap in
initiation between organ whorls.
** 17. Timing of carpel initiation: 0, after last stamens: 1, with inner stamen whorl; 2,
with outer stamen whorl; 3, before stamens.
** 18. Vertical order of initiation of organs (sepals, petals, outer stamens, inner
stamens): 0, acropetal; 1, not completely acropetal.
**19. Relative timing of hypanthium/receptacle formation: 0, during organogeny, 1,
after organogeny, 2, hypanthium absent.
(Table con’t)
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C. Calyx characters
*20. Sepal arrangement: 0. valvate or non-overlapping lobes; 1.imbricate: 2. tubular
calyx. In taxa where the sepals were partly fused but not
entirely,the
sepal
arrangement was judged based on the arrangement o f the unfused parts of the
sepals, so that this character and the next would not be repetitive.
21. Sepal connation: 0, sepals free to base; 1, sepals at least partly connate.
22. Sepal margins: 0, entire; 1, fimbriate; 2, with comb-like projections.
23. Inner surface of sepals: 0, glabrous; 1, hairy.
24. Abaxial sepal shape: 0, not cucullate; 1, cucullate.
25.
Sepal protective function: 0, sepals covering other organs in bud; 1, other organs
exposed in bud.
26. Stalked glands on sepals: 0, absent; 1, present.
D. Corolla characters
27. Adaxial petal (petal on opposite side of flower from subtending bract): 0, sessile;
1, clawed; 2, petal absent.
28. Adaxial petal auricles: 0, absent; 1, present.
29. Vestiture of adaxial petal blade: 0, glabrous; 1, hairs on inner (adaxial)surface; 2,
hairs on outer (abaxial) surface.
30.
Claw of adaxial petal: 0, glabrous; 1, with pad of hairs; 2, with fleshy appendage;
3, with callus.
31. Lateral petals: 0, sessile; 1, clawed; 2, petals absent.
*32. Petal aestivation: 0, valvate or connate; 1, imbricate; 2, ascending cochleate; 3,
descending cochleate; 4, petals not overlapping ever.
33. Fusion of keel petals: 0, absent; 1, present.
34. Stalked glands on petals: 0, absent; 1, present.
35. Petal margins: 0, glabrous; 1, hairy.
36. Petal number 0, five petals present; 1, only adaxial petal present; 2, only four
lateral petals present (adaxial petal missing); 3, all petals missing.
E. Androecium characters
37. Anther connective (terminal projection on anther): 0, absent; 1, present.
38. Anthers: 0, glabrous; 1, hairy.
39.
Anther outer (abaxial) surface: 0, with median groove; 1, smooth.
40. Terminal stamen gland: 0, absent; 1, present.
41. Anther dehiscence: 0, introrse; 1, lateral.
42. Extent of anther slit: 0, full-length; 1, interrupted lateral slits; 2, terminal or
subterminal pores.
43. Condition of pollen shed: 0, single grain; 1, polyads.
44. Heterostaminy: 0, one morph; 1, two morphs, outer vs. inner whorl; 2,two
morphs, not whorl-associated; 3, three morphs.
45. Anther attachment: 0, basal; 1, versatile.
**46. Stamen filament shape in bud: 0, straight; 1, coiled.
(Table con’t)
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47.

Adaxial stamen filament bases (two outer and one inner stamens): 0, thin at base;
1, swollen or flared at base; 2, fused.
48.
Stamen fusion: 0, stamen filaments free; 1, slight basal fusion; 2,
pseudomonadelphous.
49. Stalked glands on stamen filaments: 0, absent; 1, present.
**50. Number of stamen whorls initiated: 0, one whorl; 1, two whorls.
51. Adaxial inner stamen filament at anthesis: 0, straight; 1, bent.
52. Number of fenestrations (nectar gates): 0, none; 1, one; 2, two.
F. Gynoecium characters
*53. Carpel number. 0, one; 1, more than one.
*54. Carpel fusion: 0, free, including single carpels: 1, syncarpous.
**55. Position of carpel cleft at initiation: 0, adaxial, facing median adaxial petal; 1,
lateral, facing stamen.
**56. Carpel cleft at time of ovule initiation: 0, open; 1, closed.
**57. Vestiture on carpel: 0, carpel glabrous; 1, one line of hairs up abaxial side of
carpel; 2, several lines of hairs; 3, hairs scattered all over, 4, one line of hairs up
adaxial side of carpel.
58. Stalked glands on carpel: 0, absent; 1, present.
*59. Position of carpel constriction: 0, below cleft; 1, above bottom of cleft.
60. Carpel position in flower: 0, centrally located in hypanthium; 1, adnate to
hypanthial wall.
61. Disk around carpel base: 0, absent; 1, present.
62.
Carpel direction in flower: 0, extending straight out from receptacle; 1, leaning
towards abaxial side; 2, leaning towards lateral side.
**63. Style shape in bud: 0, straight; 1, bent or coiled towards adaxial side; 2, bent or
coiled towards abaxial side.
**64. Stigma development: 0, flattened surface formed during development; 1, no
flattening.
**65. Stigma position during development: 0, lateral; 1, terminal.
**66. Fusion of cleft at stigma: 0, absent; 1, present.
**67. Stigma ring meristem: 0, without distinct marginal ring of growth; 1, with distinct
marginal ring of growth.
68.
Stigma form: 0, peltate; 1, lateral, elongate; 2, terminal, crateriform; 3, capitate,
papillate; 4, broad cup-like; 5, lateral, papillate; 6, truncate.
69.
Stigma form; 0, without a marginal ring of papillae; 1, with a marginal ring of
papillae.
70. Ovule attachment: 0, orthotropous; 1, anatropous.
71. Ovule position in ovary: 0, collateral; 1, serial.
(Tabic con’t)
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72.

73.

Fruit type: 0, follicle; 1, indehiscent legume; 2, legume, dehiscent along ventral
suture; 3, legume, dehiscent along both margins; 4, legume, with ventral wing; 5,
legume, dehiscent down middle of valves; 6, drupe.
Lens and micropyle of seed: 0, no lens; 1, on different sides of seed; 2, on same
side of seed.

G. Other floral characters
74.
Fate of receptacle (forming hypanthium or disk): 0, small, circular, 1, elliptical,
laterally compressed; 2, tubular, 3, absent; 4, basal disk.
75. Unisexual flowers: 0, absent; 1, present.
76. Flowers: 0, pedicellate; 1, sessile.
H. Vegetative characters
77. Leaf complexity: 0, simple; 1, pinnately compound; 2, bipinnately compound; 3,
palmately compound.
78. Pinnae: 0, even number, 1, odd number.
79. Leaflet complexity: 0, imparipinnate (with terminal leaflet); 1, paripinnate
(without terminal leaflet).
80. Glands or extrafloral nectaries on leaf: 0, absent; 1, present.
81. Leaf base: 0, not pulvinate; 1, pulvinate.
82.
Foliar secretory cavities (punctae): 0, absent; 1, present.
83. Spines: 0, absent; 1, present.
84.
Root nodules: 0, absent; 1, present. This character has been recorded for the
following species: Caesalpinia coriaria, C. pulcherrima, Delonix regia,
Haematoxylum campechianum, Peltophorum pterocarpum, Saraca indica,
Amherstia nobilis, Tamarindus indica (Aguilar, et al., 1994), and Cenostigma
gardnerianum (De Faria, et al., 1994). For all other taxa this character was
coded based on information for genera because few of the species examined for
floral development have also been examined for ability to produce root nodules.
In addition if nodulation was reported at all for a taxon it was coded as present.
85.
Phloem transfer cells in leaf: 0, absent; 1, present. Reported for genera by
Watson and Gunning (1981).
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ANALYSIS
The trees were derived using PAUP 3.0 (Swofford, 1991) on a Macintosh
Centris 610. All characters were unordered. Heuristic stepwise addition searches with
10 random addition were used. The trees were unrooted and then rooted using
outgroup comparison (Watrous and Wheeler, 1981;Maddisonetal., 1984). The
figures were produced using MacClade (Maddison and Maddison, 1992).
RESULTS
The analysis of 53 taxa and 85 characters produced 1215 equally parsimonious
trees of length 386 (Cl = .317, RI = .585, RCI = .186). The strict consensus of all
trees is shown in Fig. 4.1.
The tree in Fig. 4 .1 with outgroups Kohlreateria elegans (Sapindaceae),
Connarus conchicarpus (Connaraceae), Ceratopetalum apetalum (Cunoniaceae),
Licania michauxii and Chrysobalamts icaco (both of Chrysobalanaceae) shows that
the Papilionoideae and Mimosoideae appear monophyletic, as does the tribe Detarieae
(including Amherstieae) of the Caesalpinioideae. The other three tribes from the
Caesalpinioideae (Caesalpinieae, Cassieae, and Cercideae) do not appear to be
monophyletic in this analysis. Dialium guineense of the Cassieae appears to be basal to
the family. But there is a large polytomy near the base of the tree which includes the
Mimosoideae, Erythrophleum suaveolens (Caesalpinieae: Dimorphandra group),
Cercis canadensis, Bauhinia malabarica (Cercideae), and a clade containing
Poeppigia procera (Caesalpinieae: Poeppigia group), Campsiandra comosa
(Caesalpinieae: Peltophorum group), Ceratonia siliqua (Cassieae), Gleditsia
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Figure 4.1. Strict consensus of 1215 trees.
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triacanthos and Gymnocladus dioica (Caesalpinieae: Gieditsia group). The Detarieae
is the sister group to the Papilionoideae. The Cassiinae (Cassia, Senna, and
Chamaecrista) form a monophyletic clade and are the sister group to a clade that
includes the Caesalpinia group and most of the Peltophorum group. The Caesalpinia
group is not monophyletic because some members o f the Peltophorum group are
nested within it. The Peltophorum group is not monophyletic because Campsiandra
comosa appears in a separate clade with Ceratonia siliqua (Cassieae), Poeppigia
procera, Gieditsia triacanthos and Gymnocladus dioica (Caesalpinieae).
Within the clade that includes all the Caesalpinia group members and most of
the Peltophorum group, Cenostigma gardnerianum from the Caesalpinia group is
basal. Then there is a clade that includes all of the Peltophorum group representatives,
except Campsiandra comosa. Within this clade, it is important to note that
Parkinsonia aculeata is the sister taxon to one species of Cercidium. The genus
Caesalpinia is not monophyletic because Hoffmannseggia drepanocarpa and
Haematoxylum campechianum are nested within it. These two taxa are nested in a
clade with C. parmosa (Poincianella infrageneric group), C. gilliesii (Erythrostemon)
and C. intricata (Hoffinannseggia). Within the genus Caesalpinia the Libidibia,
Brasilettia, and Mezoneuron infrageneric groups are monophyletic. However, the
Caesalpinia s.s., Poincianella, and Russellodendron infrageneric groups do not appear
to be monophyletic. Since only one representative from each of the Guilandina,
Biancaea, and Erythrostemon groups was included, it could not be determined if they
are monophyletic or not. Fig. 4.2 is a phylogram showing character support for each of
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Figure 4.2. Phylogram showing character suppport for each node on strict consensus.
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the nodes in the strict consensus. No direct correlations between any characters were
observed in this analysis.
A second analysis was performed including all 53 taxa but only the
developmental characters (the characters marked with ** in Table 4.1). This second
analysis produced 23800 trees of length 93. There was no resolution in the strict
consensus, therefore the results of this analysis are not shown here. A bootstrap
analysis was also started but was not completed in time to include here.
DISCUSSION
The results of this analysis support in part the hypothesis of evolutionary
relationships for the Leguminosae in Polhill et al. (1981) in which the Caesalpinia and
Peltophorum groups of the Caesalpinieae are considered to be derived within the
family, and most closely related to the Detarieae (and Amherstieae) and the
Papilionoideae. The major difference is that whereas Polhill et al. (1981) considered
the Cassieae to be monophyletic and basal to the family, the results of this analysis
show the Cassieae as paraphyletic. The Cassiinae (Cassia, Chamaecrista, and Serma)
are not in a basal lineage, but instead are the sister group to the
Caesalpinia/Peltophorum group clade. The other representative from the Cassieae,
Dialium guineense, included in this analysis is basal to the family based on this analysis.
Representatives from the Cassieae (but not the Cassiinae) have also been found
to be basal in other analyses of the legumes (Chappill, 1995; Doyle, 1995). And a
relatively close relationship between the Cassiinae and the Caesalpinia and Peltophorum
groups of the Caesalpinieae is also confirmed by these other analyses (Chappill, 1995;
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Doyle, 1995). The agreement on a basal position in the family for at least some
members of the Cassieae in several analyses of the family is significant. Clearly the
Cassieae are an important group to study for understanding the basal relationships
within the legume family.
There is a conflict between the results o f this analysis and that of that of the
morphological analysis by Chappill (1995) and analysis of rbcL data presented by
Doyle (1995)in the relationship between the Detarieae, Papilionoideae and members of
the Caesalpinieae. In the analyses mentioned above, the Detarieae are not closely
related to the Papilionoideae or the Caesalpinia and Peltophorum groups of the
Caesalpinieae. In both of these analyses the Caesalpinia and Peltophorum groups and
the Cassiinae are more closely related to the Mimosoideae than to either the Detarieae
or the Papilionoideae.
The subfamily Caesalpinioideae is not monophyletic. This is not a surprising
result since Polhill et al. (1981) suggested that it is not a monophyletic group.
However, of the four tribes recognized by Polhill (1994) within the Caesalpinioideae,
only the tribe Detarieae is clearly monophyletic. Additionally, the former tribe
Amherstieae, which is currently included in Detarieae, is also monophyletic based on
this analysis. Although the Cassieae is not a monophyletic group, the Cassiinae is a
legitimate and well supported group.
CAESALPINIA AND PELTOPHORUM GROUPS
The two largest informal taxonomic groups of Polhill (1995), the Caesalpinia
and Peltophorum groups, clearly are not monophyletic. Part of the Peltophorum group
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is nested within the Caesalpinia group, so some of the members of the Peltophorum
group (Peltophorum, Delonix, Lemuropisum, and Parkinsonia) are closely related to
the Caesalpinia group as suggested by Polhill and Vidal (1981). It is difficult to
compare this analysis of the Caesalpinia and Peltophorum groups with that of Lewis
(1994) because he used Peltophorum as an outgroup, included representatives from all
the genera in the Caesalpinia group, and did not include more than one representative
from most of the infrageneric groups of Caesalpinia. However, a few comparisons can
be made. In both this analysis and Lewis’s (1994) weighted analysis, Caesalpinia
sensu lato is not monophyletic. Also in both analyses, the infrageneric group
Poincianella is not monophyletic. However, in Lewis’s analysis the two representatives
he included from the Poincianella infrageneric group are in a clade together with
Cenostigma, whereas in my analysis the two representatives from Poincianella, C.
exostemma and C. pannosa, are not in the same clade. Instead, C. pannosa is basal to
the clade containing Haematoxylum campechianum, C. gilliesii (Erythrostemon),
Hoffinarmseggia drepanocarpa and C. intricata (Hoffinannseggia), and C. exostemma
is nested within the clade containing all the rest of the species of Caesalpinia.
Based on Lewis’s analysis and my own, Caesalpinia sensu lato is paraphyletic
because of the recognition of genera such as Hoffinannseggia and Haematoxylum,
which are clearly nested within Caesalpinia sensu lato However, the results of this
analysis suggest that giving generic status to Lewis’s infrageneric groups of
Caesalpinia sensu lato would only produce new paraphyletic and polyphyletic groups
within the Caesalpinia group.
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Polhill (1994) made a change from the Polhill and Vidal (1981) treatment of the
Caesalpinia and Peltophorum groups by moving three genera (Parkinsonia(Cercidium),
Lemuropisum, and Conzattia) from the Caesalpinia group into the Peltophorum group.
The results of this analysis support this change, since Parkinsonia and Lemuropisum
are in a clade with other members of the Peltophorum group. However, based on this
analysis the Caesalpinia and Peltophorum groups of Polhill (1994) are not natural
(legitimate) groupings. In addition, Caesalpinia sensu lato does not appear to be a
natural group either. Within Caesalpinia sensu lato however, the infrageneric groups
Brasilettia and Libidibia, as well as the subgenus Mezoneuron, do appear to be
legitimate groups based on this analysis.
CHARACTER EVOLUTION
Some of the developmental characters that are important in resolving
relationships within the Caesalpinia/Peltophorum clade are the initiatory position of the
first sepal, order of sepal initiation and overlapping organ initiation. O f the features
from mid-stages of floral development and mature flowers, the pattern of stigma
development, the cucullate sepal and the fenestrations, or nectar gates, are also of
interest phylogenetically. These characters have been mapped onto one of the equally
parsimonious trees (Figs. 4.3-4.8) and are discussed here.
The initiatory position of the first sepal has been mapped onto one of the
equally parsimonious trees (Fig. 4.3). A non-median position for the first sepal is the
primitive state for the family. A median first sepal is derived within the family and
unites the members of the clade containing the Cassiinae, Detarieae, Papilionoideae and
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Peltophorum adnatum
Peltophorum pterocarpum
30Cenostigma gardnerianum
Senna botryocarpa
Chamaechrista fasciculata
■ C assia javanica
■ Bauhinie m alabarica
lErythrophleum suaveolens
Neptunia pubescens
Mimosa strig illo sa
Acacia baileyana
Cercia canadensis
Poeppigia procera
Campsiandra comosa
Gymnocladus dioica
Gleditsia triacan th o s
Ceratonia siliqua
O ialium guineense
Kohl re u teri a elegans
Chrysobalanus icaco
Cerato petal um a petal um
Licania m ichauxii
Connarus conchicarpus

Figure 4.3. One o f the equally parsimonious trees with character 11, the position of
initjation for the first sepal, mapped on.
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Caesalpinia and Peltophorum groups of the Caesalpinieae. But with a reversal to a
non-median position within the Cassiinae (in Cassiajavanica), within the Detarieae, in
the Peltophorum group, and in Caesalpinia cucullata.
The order of sepal initiation is shown in Fig. 4.4. Helical sepal initiation is the
primitive state for the family, but with Dialium guineense, the basal taxon in this
analysis, having a nearly helical pattern of initiation. Unidirectional sepal initiation has
arisen three times, once in Senna botryocarpa (Cassiinae), once in the Papilionoideae,
and once in the Caesalpinia/Peltophorum group clade. Within the Peltophorum group
there has been a reversal to helical sepal initiation for Peltophorum and Parkinsonia
(Cercidium). Bidirectional sepal initiation has also arisen at least three times: once in
Campsiandra comosa (Peltophorum group), once in Haematoxylum campechianum
(Caesalpinia group), and once uniting the infrageneric Brasilettia group of Caesalpinia.
No overlap in initiation between different organ whorls is the primitive state for
the family (Fig. 4.5), but overlap in organ whorl initiation has arisen numerous times.
The clade containing Haematoxylum campechianum, Caesalpinia pannosa, C. gilliesii,
C. intricata and Hoffmannseggia drepanocarpa is united by having overlapping organ
whorl initiation. Overlap in organ whorl initiation has also arisen in Cercis canadensis
(Cercideae), Chamaecrista fasciculata (Cassiinae), and within both the Papilionoideae
(in Pisum sativum) and the Detarieae (in Schotia brachypetala).
One of the mid-stage developmental features that is of interest is the presence
of a marginal ring of differential growth during stigma development. The primitive
state for the family is the absence of a marginal ring of growth during stigma
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order of sepal initiation
unordered
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I ( I - lUTamari ndus i ndica
1
lu Seraca i ndica
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l^v.vivvjjjiuCaesal pi nia cacalaco
Caesal pi nia cassioides
QCaeaalpinia c o ria ria
^□Caesalpinia acleracarpa
Caesalpinia aepiaria
E C aesal pi nia ovalifolia
i
33Caesal pi nia veaicaria
r r J;.-f ^ 2 U Caesal pi nia kauaiensis
l if f i ■ iiiCaesalpi nia cucullatum
Caesalpinia velutina
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3DCaesal pi nia exosiemrna
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•
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Delonix regia
,___I Cercidium floridanum
lU Parkinaonia aculeate
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23 30 Pel top ho ru m adnatum
-□ □ P e lto p h o ru m pterocarpum
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Senna botryocarpa
Chamaechrista fasciculate
10Cassia javanica
IDSauhinia m alabarica
JO Erythrophleum auaveolens
Neptunia pubescens
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□Acacia baileyana
□ C ercia canadensis
[[ |
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Q —23DGleditsia triacanthos
□ C eratonia siliqua
ni»lium guineense
ID K ohlreuteria elegans
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licania miehauxii
lOConnarus conchicarpus

Li |

helical

l-:-»M unidirectional (r. ab to ad
bidirectional
simultaneous
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| unidir. from ad to ab
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f f

Figure 4.4. One of the equally parsimonious trees with character 12, the order of sepal
initiation, mapped on.
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organ initiation overlap
unordered
I
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Pisum sativum
DCaesal pi nia cacalaco
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Caesalpinia co ria ria
Caesal pi nia sclerocarpa
DCaesal pinia septaria
DCaesal pi nia ovalifolia
DCaesal pi nia v e stca n a
Caesalpinia Icauaiensis
Caesalpinia cucullatum
Caesal pi ni a vel uti na
Caesapinia violacea
Caesalpinia exeatemma
D C aesalpinia p u lch e rn m a
Haematoxylum campechianum
Caesalpinia gilliesii
Caesal pi nia i ntricata
Hoffmannseggia drepanocarpa
Caesalpinia pannosa
Lemuropisum edule
Oelonix regie
Cercidium floridanum
Parkinsonia aculeate
Cercidium m icrophyllum

W

t:

I no overlap between whorls
overlap between whorls

I

- I equivocal

|

i |

« IP eltnphnru m arinatum

I

I Peltophorum pterocarpum
DCenostigma gardnerianum
ISenna botryocarpa
Cham aeehrista fasciculate
D C assia javanica
D B auhinia m alabarica
D E rythrophleum suaveolens
I
I II INaptunia puoescens
“
p n Mimosa strigillosa
~~1
DAcacia baileyana
Cercis canadensis
D Poeppigia procera
D C am psiandra comosa
Gymnocladus dioica
Gleditsia triacanthos
D C eratonia siliqua
D D ialium guinsense
Kohl re uteri a elegana
Chrysobalanus icaco
Ceratopetalum apetalum
D L icania micheuxii
D C onnarus conchicarpus

Figure 4.5. One of the equally parsimonious trees with character 16, overlap in organ
whorl initiation, mapped on.
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development (Fig. 4.6). A marginal ring of growth appears to have arisen once, uniting
the Cassiinae and the Caesalpinia/Peltophoium group clade. However, it has been lost
within that clade several times; in the members of the Peltophorum group, in
Caesalpinia subgenus Mezoneuron, and in Caesalpinia sepiaria (infrageneric group
Biancaea) and C. gilliesii (infrageneric group Erythrostemon).
The presence of a cucullate sepal (Fig. 4.7) unites the members of the
Caesalpinia group excluding Cenostigma gardnerianum. But there has been a loss of
the cucullate sepal in the Hofimannseggia clade (Hoffmannseggia drepanocarpa and
Caesalpinia intricata). A cucullate sepal has also arisen independently within the
Detarieae (in Saraca inidica) and in the Papilionoideae (in Psoralea pinnata).
The number of fenestrations, or nectar gates, is mapped onto one of the equally
parsimonious trees in Fig. 4.8. A single fenestration has arisen separately in Poeppigia
procera (Poeppigia group) and in the Peltophorum group, excluding Campsiandra
comosa. Paired fenestrations appear to have arisen more times: once uniting the
Papilionoideae, once uniting a clade within Caesalpinia sensu lato (with one loss within
that clade, in C. sepiaria), and once in a clade containing, Caesalpinia gilliesii, C.
intricata, and Hoffmannseggia drepanocarpa. Paired fenestrations are also found in
Cercis canadensis (Cercideae).
None of the characters were ordered prior to running this analysis, but some of
the multistate characters can be ordered based on the results of this analysis. For
character 13, order of petal initiation, this analysis suggests the order: helical
unidirectional (from abaxial to adaxial side) -> simultaneous, bidirectional petal
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stigma development
unordered
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Psoralea pinnata
Pisum sativum
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Caesal pinia casstoides
Caesalpinia c o ria ria
Caesal pi nia sclerocarpa
D C aesalpinia sepiaria
Caesalpinia ovalifolia
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Caesalpinia kauaiensis
Caesal pi nia cucullatum
Caesalpinia velutina
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Caesalpinia exostemma
Caesalpinia p u lch e rn m a
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I
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D B auhinia m alabarica
] E rythrophleum suaveolens
Neptunia pubescens
Mimosa strig illo sa
Acacia baileyana
D C ercis canadensis
D Poeppigia procera
D C am psiandra comosa
Gymnocladus dioica
Gleditaia triacanthos
D C eratonia siligua
D D ialium guineense
D K o h lre u teria elegana
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D L icania michauxii
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Figure 4.6. One of the equally parsimonious trees with character 69, stigma
development: marginal ring of differential growth, mapped on.
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Figure 4.7. One of the equally parsimonious trees with character 24, abaxial sepal
shape, mapped on.
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Caesalpinia sepiaria
ICaesal pi nia ovalifolia
ICaesalpinia vesicaria
ICaesal pi nia kauaiensis
ICaesalpinia cucullatum
ICaesalpinia velutina
ICaesapinia violacsa
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Peltophorum pterocarpum
3 Cenostigmagardnerianum
Senna botryocarpa
IChamaechriata fasciculeta
DCasaia javanica
E B auhinia malabarica
E E rythrophleum suaveolens
Neptunia pubescsna
Mimosa strigillosa
Acacia baileyana
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Poeppigia procera
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Gleditsia triacanthos
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Figure 4.8. One of the equally parsimonious trees with character 52, number of
fenestrations mapped on.
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initiation. The order for the states of character 14, outer stamen initiation is: helical 4unidirectional (from abaxial to adaxial side) -> simultaneous, bidirectional. For
character 20, sepal arrangement, the state order based on this analysis is: valvate 4imbricate

tubular calyx. The states for character 32, petal aestivation, can be

ordered as: valvate 4- imbricate 4- -> ascending cochleate

descending cochleate.

The states for character 48, stamen filament fusion, can be ordered as: stamen filaments
free

slight basal fusion - ) pseudomonadelphous. For character 57, vestiture on the

carpel, the character state polarization based on this analysis is: glabrous 4- scattered
hairs, all over

several lines of hairs

plus scattered hairs, all over

one line of hairs on abaxial side

one line of hairs on adaxial side. For character 62,

carpel direction in flower, the states can be polarized as: straight
abaxial side

glabrous,

leaning towards

leaning towards lateral side. The states for character 63, style shape in

bud, can be ordered as: straight 4-

bent or coiled to adaxial side

bent or coiled to

abaxial side.
FOSSIL RECORD
The literature on the fossil record of the Leguminosae has been reviewed by
Herendeen, et. al. (1992). Based on this review, pollen similar to that found in the tribe
Detarieae occurs in the Maastrichtian (Upper Cretaceous). Pollen that appears to be
intermediate between pollen found in the Caesalpinia and Dimorphandra groups of the
Caesalpinieae is found in the lower Eocene. The Caesalpinia, Sclerolobium and
Dimorphandra groups of the Caesalpinieae are all present by the middle Eocene, as are
the Cassiinae, Detarieae, and several tribes of both the Mimosoideae and
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Papilionoideae. Fossil evidence of Gleditsia, Gymnocladus (Gleditsia group) and
Cercis (Cercidieae) is not found until the Oligocene.
BIOGEOGRAPHY
The geographic ranges of the species in the Caesalpinia/Peltophorum group
clade (excluding Campsiandra comosa from the Peltophorum group) have been
mapped onto one of the most parsimonious trees (Fig. 4.9). However, conclusions
about the biogeography of this group based on this analysis should be made cautiously
for two reasons. One is that this is a very large group and only a portion of the species
have been included in the analysis. A second reason is that there is a sampling bias for
Central and South American taxa in this study.
There are two prevailing hypotheses to explain the biogeographical patterns in
the Leguminosae. The first is that the center of origin for the family is Gondwanan and
that North American and Asian taxa are derived via migration from Africa and South
America (Raven and Polhill, 1981). The second hypothesis is the boreotropics
hypothesis (Wolfe, 1975), in which the center of origin is suggested to be northern,
transgressing the North Atlantic during the Early Tertiary. This hypothesis proposes
that as the northern climate became more temperate, the flora was pushed southward.
Several predictions can be made from each of these hypotheses about the evolutionary
relationships within the Leguminosae. The first hypothesis predicts that North
American taxa will be derived compared to South American taxa, and that Old World
taxa will be a sister group to South American taxa. Based on the boreotropics
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wacsoi pi m o CqCoiqww
C aesalpinia c assio id e s — SA
C aesalpinia c o r ia r ia — SA
C aesalp in ia s c le r o c a r p a — SA
C aesalpinia s e p ia r ia — Asia
C aesalpinia o v a lifo lia — Asia
C aesalpinia v e s ic a r ia - - SA
C aesalpinia k a u a ie n sis — Asia

[ - C

HZ

C aesalp in ia c u c u lla tu m — Asia
Caesel pi nia vel uti na - - SA
C aesalpinia vio lacea - - SA
C aesalpinia exostem m a — SA
C aesalpinia p u lc h e r r im a — SA
Haem. cam p ec h ian u m - - Mex
C aesalpinia g illie s ii — SA
Caesel p in ia in tr i c a t a — Mex
H o ff.d rep a n o ca rp a - - NA, Mex
C aesalpinia pannosa — NA

c

L em uropisum edule - - M adagascar
Delonix re g ia — M adagascar
C ercidium flo rid a n u m - - NA, Mex

r

C

P a rk in so n ia acule8ta — SA
C ercidium m ic ro p h y llu m — NA
P e lto p h o ru m a d n atu m — Bahamas

■C

P e lt, p te ro c a rp u m — A sia, Afri
Cenostigm a g a rd n e ria n u m - - SA

Figure 4.9. Caesalpinia/Peltophorum group clade from one of the equally parsimonious
trees, with region of origin mapped on. SA, South America; NA, North America; Mex,
Me?aco.
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hypothesis, South American taxa would be expected to be more derived than North
American taxa, and Old World taxa would be a sister group to North American taxa.
In this analysis, the North American taxa appear to be derived relative to at
least some o f the South American taxa, supporting the first hypothesis. However, the
fossil data are congruent with the boreotropics hypothesis (Herendeen, 1990;
Herendeen and Dilcher, 1991; Herendeen et al., 1992). Resolution of this conflict will
probably require addition of taxa, primarily more Old World taxa and possibly fossil
taxa, to the phylogenetic analysis.
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The floral development of representatives from the legume tribe Caesalpinieae
was studied and then coded as characters for a phylogenetic analysis. Those characters
were combined with floral developmental data on other members of the legume family
that had been studied previously by S.C. Tucker and others and with more traditional
morphological characters to produce a phylogenetic analysis o f the Leguminosae.
The general conclusions of this study are: 1) Caesalpinia sensu lato is not
monophyletic, since at least three of other genera in the Caesalpinia group are nested
within Caesalpinia sensu stricto For the infrageneric groups within Caesalpinia sensu
stricto, the infrageneric groups Libidibia, Brasilettia, and Mezoneuron are
monophyletic, but the infrageneric groups Caesalpinia sensu stricto, Poincianella and
Russellodendron are not monophyletic. The results of the phylogenetic analysis
presented here suggest that recognizing Lewis’s infrageneric groups o f Caesalpinia
sensu stricto would only create new paraphyletic and polyphyletic groups within the
Caesalpinia group.
2) Although many new characters were used in the phylogenetic analysis of the
Caesalpinieae, no characters were found which specifically unite the members of the
Caesalpinieae. Based on this analysis, the Caesalpinieae is comprised of several
disparate lineages and is not a natural group.
3) The Caesalpinia and Peltophorum groups are not shown to be monophyletic
in this analysis. One member of the Peltophorum group, Campsiandra comosa, is
more closely related to the Gleditsia and Poeppigia groups than to the rest of the
Peltophorum group. The other members of the Peltophorum group included in the
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analysis are nested within the Caesalpinia group, making it paraphyledc. The Gleditsia
group is not clearly monophyletic based on this analysis, but this group requires further
study since it exhibits “chaotic” patterns of floral development, unusual within the
legume family.
4) The Caesalpinia/Peltophorum clade (excluding Campsiandra comosa) is
derived within the Leguminosae and is the sister group to the Cassiinae (Cassia, Senna,
and Chamaecrista). Together these two clades are sister to a Detarieae/Papilionoideae
clade. Erythrophleum suaveolens from the Dimorphandra group is basal to the
Mimosoideae in many of the equally parsimonious trees, but this relationship is not
supported in all the trees and requires further study. The Gleditsia group, Poeppigia
group and Campsiandra comosa from the Peltophorum group are in a clade with a
representative from the Cassieae, Ceratonia siliqua.
5) Information on floral development was used successfully in combination
with more traditional morphological characters in a phylogenetic analysis of the
Caesalpinieae. Future research on this family should include a more thorough survey of
floral development in the Cassieae, since representatives from this group appear to
form a basal grade of taxa within the legume family.
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